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transcriptase  tssays;  (c)  ezaminiog  the  Dechanism  of  antiviral  aaton  for  nmpoujads  with  activity  against  HIV,  (d) 
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Opinions,  interpretations,  conclusions  and  recommendations  are  those  of  the  author 
and  arc  not  necessarily  endorsed  by  the  U.S.  Army. 

_ Where  copyrighted  material  is  quoted,  permission  has  been  obtained  to  use  such 

material. 

_ Where  material  from  documents  designated  for  limited  distribution  is  quoted, 

permission  has  been  obtained  to  use  the  material . 

X  Citations  of  commercial  organizations  and  trade  names  in  this  report  do  not 
constitute  an  official  Department  of  the  Army  endorsement  or  approval  of  the 
products  or  services  of  these  organizations. 

X  In  conducting  research  using  animals,  the  investigator (s)  adhered  to  the  "Guide 
for  the  Care  and  Use  of  Laboratory  Animals,"  prepared  by  the  Committee  on  Care 
and  Use  of  Laboratory  Animals  of  the  Institute  of  Laboratory  Animal  Resources, 
National  Research  Council  (NIH  Publication  No.  86-23,  Revi^  1985). 

_ For  the  protection  of  human  subjects,  the  invesLigatorfs)  have  adhered  to 

policies  of  applicable  Federal  Law  45CFR46. 

_ In  conducting  research  utilizing  recombinant  DNA  technology,  the 

invesligator(s)  adhered  to  current  guidelines  promulgated  by  the  National  Institutes  of 
Health. 
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i.  LNTRODUCnON 


This  ix  the  Annual/Fiiul  Report  on  SRI  Project  No.  6520.  Cootria  No.  DAMD17-8S-H-&003. 
It  covert  the  progms  of  the  research  program  during  the  reporting  period  from  January  4,  1988  to  April 
30,  1991. 

The  focus  of  this  project  was  on  the  biological  evaluation  of  new,  potentially  useful  antiviral 
agents  for  selective  laivicy  against  HFV'.  The  compounds  for  testing  include  synthetic  chemical 
compounds  and  natural  products  submitted  to  USAMRIID  for  evaluation  in  this  National  Cooperative 
Drug  Discovery  Group  Program.  Our  specific  ama  were  to; 

1.  Evaluate  newly  synthesized  compounds  or  natural  products  (approximately  ISOOnuteriais 
per  year)  for  their  ability  to  selectively  inhibit  the  infectivity  and  cytopatbic  effect  of  HIV  in  cell  culture 
assays.  The  assay  lyttoss  for  die  primary  screen  included  inhibiuos  of  rirv-ioduced  cytopathk  effect 
in  (TEM  snd  MT-2  cell  iinet  using  n  hTTT  assay  method.  Qsiaraitativc  dau  was  obtained  via  a  custom 
designed  software  package. 

Compounds  the  were  active  in  primary  assays  were  confirmed  by  quarttitarinn  of  virus  growth 
m  culn.-e.  Supernatant  samples  were  tested  for  reverse  transcripuse  activity,  p24,  and  number  of 
infectious  particles  in  order  to  quantitate  the  effea  of  the  active  con^xjund  on  vims  replicatxin. 

2.  Examine  the  mixharusm  of  antiviral  action  for  compounds  with  activity  ageinst  HIN', 
Iniualiy  these  studtet  included  an  examinatioQ  of  their  ability  to  inhibit  reverse  transcripuse  in  Ln  vimo 
reactions  using  the  earyine  from  HTV-1,  AMV,  and  Moloney  MuLV  with  a  synthetic  homopolyma-- 
tempiate  primer  [>uring  the  last  year  of  the  cootraa,  selected  compounds  were  examined  for  their  ability 
to  inhibit  only  HfV-l  reverse  transcriptase  in  an  assay  using  nboeomai  RNA  as  the  tec^laie 

3.  Provide  useful  information  to  the  chemists  with  regard  to  itructure-activrty  relationships 
and  mechanism  of  actxin  of  compounds  with  anii-HTV  activity  to  guide  new  synthetic  efforts. 

4.  Determine  the  antiviral  efficacy  of  candidate  compounda,  with  demonstrated  ictivity 
against  HIV  w  vitro,  against  mimsi  retroviruses,  such  at  MuLV,  SIV  and  FAIDS,  iJt  vuro.  These  data 
served  to  provide  information  oc  compounds  thM  might  be  selected  for  further  studies  in  aninv’  models 
for  retrovirus  infection. 

5.  Determine  the  antiviral  efficacy  of  ciadidau  compounds  in  two  murine  models  of 
retroviral  disease  the  LP-BM-5  virus  mixture  in  aduh  C57BU6  mice  and  the  Rauacher  ieuksnua  virus 
m  adult  BALB/c.  Vireania  (quantitated  m  a  UV-XC  plaque  ^sssy).  reverse  transcriptase  levds,  and  IgM 
levels  (by  ELISA)  were  measured  in  serum  samples  and  animal  and  tpleea  weights  lakec  Agents  that 
showed  activity  in  these  assay  systems  were  further  evaluated  by  monitoring  various  components  of  the 
imnvinf  lysteoi,  utoluding  T-lympbocyte  functioo,  natural  killer  activity,  and  macrophage  activation. 

6.  Determine  the  antiviral  efficacy  of  cxndviio*  compounds  in  the  iimisn  model  of  retroviral 

disease. 


This  report  summanzea  our  progress  in  implemenLag  this  research  progrun  and  includes 
summaries  of  antiviral  test  dau  collected  through  April  30,  1991. 


n.  EXPERiMENTAL  METHODS 

A.  Drug  AcmiHiUon.  Scheduling.  Distribution  ind  Dna  PrtoarttifKi 

Drug  prepamion  for  the  HIV  l*borttory  was  initiawd  January  16,  1989,  From  January  16,  1989 
through  April  30,  1991,  4600  A  VS  samples  have  been  prepared  (this  includes  retest  and  positive  control 
samples)  The  drug  samples  submitted  for  testing  in  the  HIV  system  were  shipped  tc  the  ccntodized  drug 
preparation  laboratoiy  by  Biological  Research  Faailty  attd  Facility,  Inc.  (BRFF).  The  drugs  were 
checked  against  the  enclosed  shipping  list,  and  stored  m  numerical  order  in  the  drug  repository  facility 
under  the  appropriate  conditions,  according  to  the  information  supplied  by  BRFF. 

If  drug  solubility  information  was  included  on  the  drug  dau  sheet,  then  that  information  was 
used.  If  aeceesary,  the  solubility  of  a  drug  was  determined  by  the  following  method.  A  l-mg  sample  was 
weighed,  placed  in  a  bomogenuer  vessel,  and  the  first  solvent  oe  the  pnority  list  was  added.  If  (he  drug 
did  not  dissolve  in  the  solvent,  it  wu  bested  to  40  *C  (unless  it  was  known  la  be  hcM-«nstable).  If  the 
drug  wu  not  in  solution  after  heating,  it  wu  bomogauxcd  with  a  band  boaMgecher.  If  the  drug  still 
wu  not  in  solution,  snothei  sample  wu  weighed  and  this  procedure  used  wah  the  next  solvent  on  the 
priority  list.  The  prionty  list  of  solvents  and  the  volume  used  to  dissolve  the  1-mg  sample  wu  as 
follows:  H;0  (Iml),  MeOH,  EtOH,  DMSO,  or  acetone  (0.1  ml).  If  the  drug  is  insoluble  in  all  of  the 
above  listed  sclvents.  it  is  to  be  tested  u  a  suspension  in  cell  culture  assay  medium  with  the  aid  of  a  hand 
homogenizer  or  a  vortex  mixer.  The  final  concentration  of  solvent  m  the  starting  drug  concentrabon 
should  not  eicoed  1  %  (preferably  <  1 9t). 

Requests  for  drug  preparation  were  delivered  to  the  central oed  drug  prtparaboo  Laboratory  five 
working  days  prior  to  the  testing  date  (see  Figure  1  for  the  drug  request  form).  The  drugs  were 
solubilized  and  delivered  to  the  HIV  laboratory  oc  the  day  of  testing.  Ail  drugs  were  weighed  in  S  mg 
amounts.  If  the  drug  wu  H^O  soluble,  2.5  ml  H^O  wu  added  to  the  5  mg  sample  resulting  in  a 
conceatrauon  of  2  mg/tnl.  If  the  drug  wu  soluble  m  any  other  solvent,  then  0.125  ml  of  the  solvent  was 
added  to  the  5  mg  sample  resulting  in  a  concemiilioc  of  40  mg/ml.  Polystyreoe  snap-cap  tubes  were 
used  for  the  weighed  samples  except  for  acetone-soluble  drugs,  then  polypropylene  tubes  were  used. 

Drug  preparation  for  the  Reverse  Transcriptase  (RT,  laboratory  was  initiatBci  February  27,  1989. 
From  February  27,  1989  through  April  30,  1991,  138  AVS  samples  have  been  weighed  and  delivered 
to  the  RT  Laboratory  (the  drugs  are  not  solubilized  in  the  drug  preparauon  laboratory).  The  drug  sa.mples 
submitted  for  testing  in  the  RT  system  were  shipped  to  the  centralized  drug  pieparatxm  Laboratory  by 
BRFF,  designated  with  an  *A'  suffix  per  shipment  (eg.  Shipment  lA).  Water  soluble  drugs  were 
dissolved  s  either  1  mg/ml  or  0.5  mg/ml  in  10%  water  on  the  day  of  the  initial  assay.  DMSO  soluble 
drugs  were  dtsaolved  at  5.0  mg/mi  in  DMSO,  diluted  with  assay  buffer  on  the  day  of  the  injuaJ  asuy  to 
0.2  ffig/ml  (5%  in  DMSO).  Venexing  or  sonicating  the  solution  may  be  used  to  solubilize  the 
compound.  If  needed,  the  soiuuoc  may  be  heated.  The  drug  soluuon  was  then  diluted  as  needed  with 
assay  buffer  The  DMSO  soluble  compounds  were  diluted  wicb  asuy  buffer  tnesaining  sufficient  DMSO 
to  give  Che  appropriate  drug  cooceroratioD  in  5%  DMSO. 
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B. 


Primary  Scrcfns 


S&J  cooduaed  the  primary  acreeoins  of  chemi::aJ  corapoundi  wbidi  were  funii£b«d  by  the 
Dcftartnieot  of  Antiviral  Studies.  L'SAMRJID.  through  its  repository  cootractor  (Biologic  Research 
Faculty  and  Facility,  Inc.,  Ijamsville,  MD)  for  antiviral  efficacy  in  cell  culture  against  HIV.  $RJ  war 
scheduled  to  evaluate  appro xtiTuteJy  1500  compounds  per  year.  All  icreeoing  data  were  leportad  to 
Maxima,  Inc.  and  to  USAMRIID  essentially  as  it  was  obtained  m  hardcopy  fbrra  or  on  floppy  diskettes. 

1.  Standard  Screening  Assas  In  CEM  And  MT-2  Cells 

a.  Compound  dilution  and  deliven'  to  the  plates 

Drugs  were  solubilized  in  the  appropriate  vehicle  such  as  distilled  water,  DhiSO,  methyl  alcohol, 
or  any  other  vehicle  as  requested  by  the  Project  Officer  or  as  determined  r.  ciRJ.  The  maximum 
solubility  was  determined  as  appropriate  Latex  gloves,  lab  coats,  and  toatks  were  used  during  all  phases 
of  the  handling  process  to  prevent  exposure  to  potentially  harmful  agents.  At  highest  solubility,  the  drug 
was  prepared  and  stored  at  -20*0  until  used  bv  the  screening  laborwxy.  The  first  dilution  of  each 
compound  was  mede  ui  a  diiution  tube  with  medium  to  yield  a  concentrsioB  two-ibid  that  of  the  highest 
test  concentration.  Sterile  titer  tubes  were  then  used  to  make  serial  oae  half  log  dilutions  of  each 
compound  Following  drug  dilution,  the  diluted  compound  was  added  to  the  appropriate  well  of  a  96- 
weil  microticer  plate,  lip  to  12  dilutions  could  conveniently  assayed  in  triplicate  on  a  single  plate  with 
all  appropriate  controls,  including  ceil  control,  \'irus  control,  toxicity  coatroi  drug  color  control,  medium 
control  and  plastic  (background)  control.  When  testing  included  only  six  dilutions,  two  drugs  could  be 
assayed  on  a  single  microtiter  plate  The  drugs  were  added  to  the  plate  in  a  final  voiume  of  100 
rnicroliters. 

b.  Cells  and  virus 

During  the  time  that  the  d.mg  dilutions  were  prepared,  cells  were  washed  aod  counted  Viability 
was  monitored  by  trypan  blue  dye  exclusion  and  assays  were  not  perfooaed  if  the  viability  fell  below 
90%.  Cells  were  mainumed  m  an  exponential  growth  phase  and  were  tpli  1:2  oo  the  day  prior  to  assay 
to  assure  exponential  growth  rate  For  the  primary  screen,  the  cell  lines  ntilked  were  CEM  and  MT-2. 
Unless  otherwise  indicated  the  medium  used  was  phenol  red-free  RPMl  16<0  with  10%  heat- inactivated 
fetal  calf  serum  (PBS),  glutamine  and  antibiotics.  Ceils  were  propagated  at  37°C  in  an  atmosphere  of 
5%  CCL  in  air.  The  virus  employed  for  this  work  was  HlV’-l  isolates  IDB  ind/cr  RF  prepar^  by  an 
acute  infection  process.  Buckheit,  tt  al.,  (1S>9])  and  Cloyd.  et  al.,  (1990).  Briefly,  virus  infected  cells 
were  pelleted  on  a  daily  basis  beginning  at  three  days  post-infectton  until  the  virus  had  killed  all  of  the 
cells  in  the  culture.  Reverse  transcriptase  activity  and  p24  EL15A  were  toed  to  identify  pools  with  the 
greatest  amount  of  virus.  These  24-hour  harvests  were  pooled,  filtered  aad  frozeo  at  -90*C.  Prior  to 
use  in  the  assay  the  infecuous  pool  of  virus  was  titered  on  all  available  cell  liaet  in  order  to  determine 
the  amount  of  virus  required  in  the  anti-viral  assay .  In  general,  pools  protetsd  by  the  acute  virus  metfacxl 
required  the  addition  of  one  microliter  of  infectious  virus  per  well  resuhiag  h>  the  screaiing  ot  drugs  at 
a  multiplicity  of  infection  of  0  01.  In  this  manner  enough  virus  was  prepM-ed  atxl  frozen  to  complete 
over  one  thousaiid  microtiter  plates,  allowing  the  testing  of  up  to  two  thooszad  compounds  from  a  single 
stock  of  infectious  virus.  The  use  of  a  single  stock  of  virus  for  a  loof  period  of  testing  has  very 
favorabl  e  effects  on  the  repeatability  of  the  assay  systems.  Virus  mfeeboe  of  the  CEM  ceils  was  carried 
m  a  bulk  infeaion  process.  The  appropriate  number  of  cells  required  to  ccopiete  the  assay  were  mixed 
with  infectious  virus  in  a  conical  centrifuge  oibe  in  a  snull  total  volume  of  I  -  2  milliliters.  Following 
a  one  :  oo’  incubation  the  infected  ceils  were  brought  to  the  appropriaie  faai  concemration  of  5  x  ICT 
ceils  txa'  milliliter  with  fresh  iirsue  culture  medium  and  l(X)  microliien  were  added  to  the  appropriate 
experimental  and  virus  control  wells.  Uninfeaed  cells  at  the  same  cooemratioD  were  plated  for  the 
toxicity  controls  and  fo>  the  ceil  controls  Assays  could  also  be  perforaed  using  in  well  infection 
methods.  In  this  case,  drug,  cells  and  virus  were  adaed  to  the  well  individoally.  In  each  case  the  MOI 
was  adjusted  to  give  complete  ceil  killing  in  'he  virus  control  wdls  by  day  6. 
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Following  the  addition  of  cells  and  drugs  to  the  microtiter  plate  the  plate  was  Jicubated  for  6  days 
at  37  °C.  Experience  had  determined  tliat  incubation  tor  longer  periods  of  time  (7  -  8  days)  or  the  use 
of  higiiet  input  cell  numbers  (I  x  1(7*)  resulted  in  significant  decreases  in  cell  control  viability  and  a 
iiarrowing  in  tne  differential  in  optical  density  between  cell  and  virus  controls  upon  staining  with  M  Tl 

The  method  of  evaluating  the  antiviral  assay  mvolved  the  addition  of  20  microliters  of  the 
tetrazolium  salt  MTT  at  5  mg/ml  to  each  well  of  the  plate  for  4  -  8  hours.  After  this  incubation  period 
the  cells  were  disrupted  by  the  addition  of  50  ftl  of  20?t  SDS  in  0.01  N  HCI.  The  metabolic  aaivity  of 
the  viable  cells  in  the  culture  resulted  in  a  colored  reaction  product  which  was  measured 
spectrophotometrically  m  a  Molecular  Devices  Vmax  plaie  reader  at  570njn.  The  optical  density  (O.D  ) 
value  was  a  function  of  the  amount  of  fonnazun  pcoduci.  vth.ch  is  proporuonai  to  tne  number  of  viable 
cells.  The  plate  reader  was  on-line  to  the  saeening  laboratory  microcomputer  which  evaluates  the  pUte 
data  and  calculates  plate  data.  The  plate  report  provided  a  rundown  of  all  pertinent  information  includuig 
the  raw  O.D.  values,  the  calculated  mean  O.D ’s  and  the  percent  reduction  in  viral  CPE  as  well  as 
calculations  including  TCj^.  and  antiviral  and  specificity  indices  Finally,  the  results  included  a  plot 
which  visually  depicts  the  effect  of  the  compound  on  uninfected  cells  (toxicity)  and  the  protective  or 
nonprotective  effect  of  the  compound  on  the  infected  cells.  A  representative  example  of  a  plate  repon 
IS  given  in  Figure  2 

d  InierrreuiiQn  of  resulLs  and  aualiP,  control 

The  results  shown  for  AZT  (Figure  2)  illustrate  a  frequently  observed  partem  for  an  active 
compound.  At  the  concentrations  tested  (6  one-half  log  dilutiorjj,  the  highest  concentrauon  of  A2T  (2.67 
tig'ml)  1,',  always  toxic  as  shown  by  the  low  O.D  values  for  both  uninfected  and  infected  cells  isee  mean 
O.D.  results,  TC  results,  and  the  plot).  The  next  three  successive  dilutions  of  AZT  show  100% 
protection.  At  AZT  concentrations  below  0.0834  ttg'ml  the  level  of  protection  decreases  while  the 
toxicity  to  uninfecied  cells  shows  no  wxic  effect  of  AZT.  Panems  similar  to  this  are  recognuad  as 
aaive. 


A  drug  could  have  much  more  or  much  less  toxicity,  aial  the  uninfected  and  infeaed  curves  must 
always  coincide  at  the  toxic  concentrations.  Those  that  did  not  were  considered  unsatisfactory  and  were 
retested.  A  drug  could  be  aaive  at  one  concenaation  or  across  a  range  of  concentraiioas.  However,  if 
it  was  active  at  a  given  concentration  it  must  be  aaive  at  all  higher  concentrations  unless  those 
concer.naiions  were  toxic.  N^Tien  apparent  aaivity  at  one  concenoation  was  losi  at  a  higher  non-ioiic 
concentration,  that  pattern  was  not  recognized  as  meaningful  and  a  repeat  was  performed.  Generally, 
a  valid  test  was  one  in  which  the  virus  control  and  cell  control  values  differed  by  a  significant  margin 
Sullen  they  did  not,  the  cause  could  be  poor  viral  mfectivity  or  poor  cel’  growth.  In  these  cases,  assays 
were  judged  unsatisfactory  Assays  were  also  suspea  when  there  was  widespread  non-agreement  between 
duplicate  wells,  when  contamination  occurred  at  key  doses,  and  when  background  was  not  consistent  with 
that  expeaed. 

A  compound  was  judged  inactive  when  no  recognized  panem  of  protection  was  observed  in  an 
otnerwise  valid  assay  When  a  low  level  of  aaivity  was  observed  the  compound  was  cons  cered  possibly 
aaive  and  was  rescheduled  for  testing.  Prvueaion  at  only  high  doses  of  the  drug  or  :  level  aaivity 
aaoss  a  range  was  not  a  mark  of  a  panicula.'ly  useful  drug,  but  the  loformation  was  \  cable  from  the 
standpoint  of  the  development  of  possible  analogs  of  that  compound  and  the  structure  of  compounds  with 
activity. 
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C.  Cooflrmiton'  Screcis 


Dru^s  which  denx>niU3ie  activity'  in  the  original  screen  were  immediiieJy  scheduled  for  a  second 
primary  assay  under  the  same  conditions  in  order  to  confirm  the  results  of  the  first  test.  If  a  drug  was 
confirmed  to  be  active  in  the  secorsd  testing  by  the  MTT  assay  additional  infomiation  was  collected  to 
further  verify  the  antiviral  activity.  Prior  to  the  addition  of  MTT  tc  the  wells  of  the  assay  plate  a  20 
microliter  sample  was  obtained .  This  sample  of  cell-free  supernatant  was  tested  for  reverse  transcriptase 
aaivity,  p24  reactive  nutcnal  by  ELISA,  and  infectious  panicle  quantitation  by  syncytial  assay.  These 
assays  were  performed  as  follows: 

1.  Reverse  Transcriptase  Assays 

Reverse  Transcriptase  Assays,  HufTinaa, «  ai.,  (19S5),  were  performed  by  mixing  microliters 
of  supernatant  with  10  microliters  of  RT  reaction  mixture.  This  reaction  mixture  contained  (final 
concentrations)  lOmM  Tris,  lOraM  duhiothrettol.  8mM  magnesium  chloride,  0.5%  triton X-100.  50ng/ml 
poly  (rA),  lOmg/mJ  oligo  dT,  and  2.5  ^iCl  of  tritiated  thymidine  triphosphate.  The  reactions  were 
performed  in  a  96-wcll  plate  at  37  °C  for  90  minutes.  The  reaction  mixture  was  then  sported  onto  DE81 
chromatography  paper  I'nd  washed  extensively  in  5%  sodium  phosphate  buffer,  distilled  water  and  100% 
ethanol  After  drying,  a  toluene  based  fluor  was  added  and  the  amount  of  incorporated  radioactivity 
quantitated  and  compared  with  the  level  incorporated  by  the  cell  and  virus  conpol  wells  A  positive  and 
negative  conpol  virus  supernatant  was  also  included  to  standardize  daily  RT  assays  and  allow  comparisons 
of  results  ebumed  in  different  days. 

2.  d24  ELISA 

p24  ELISA  was  performed  according  to  the  manufacturers  recommendations  utilizing  ceil  free 
supenutan;  EUSA  was  usually  performed  following  RT  assay  to  permit  optimal  dilution  of  the  samples 
obtained  so  they  could  be  quantitated  in  the  range  of  sensitivity  of  the  lot.  Usually,  the  virus  control 
.'ample  rea^uped  a  1:20,000  dilution  prior  to  assay  whereas  a  negative  sample  required  only  1:100. 
Performance  of  RT  assays  prior  to  ELISA  allowed  dilutions  along  the  curve  of  anti-viral  activity  to  be 
accurately  determinod  and  avoided  off-scale  quantitation  saving  time  and  money.  Standard  curves  for  this 
analysis  have  been  determined. 

3.  Ifltccuaiis  Panisla 

Infectious  particles  were  quantitated  utilizing  CEM-SS  cells  (61).  Plates  were  coated  with  poly-L- 
lysine  and  CEM-SS  cells  were  placed  in  the  well  where  they  were  fixed  to  the  bottom  of  the  plate.  Virus 
was  added  in  serial  dilutions  and  the  number  of  syncytia  were  quanuuied  at  4  days  followmg  infection. 

4  Dot  Blot  RNA  Hybridization 

Dot  blot  RNA  hybridization  was  utilized  for  further  confirmation  of  the  activity  of  certain 
compounds  could  be  performed  by  determining  the  inhibition  of  HIV-l  RNA  production.  CEM  ceils 
were  infected  as  desaibed  above  and  piplicate  cultures  were  peaied  with  the  aaive  concenpatious  of  the 
test  compound,  at  determined  by  the  pruniry  screening.  Appropriate  virus  aul  ceil  controls  were 
included  and  all  culaires  were  mainuined  at  37 ‘C  in  the  presence  of  5%  CCL  moismre  and  air.  At  day 
6  post-infecuon,  culturet  of  infected  and  uninfected  cells  were  pelleted  and  processed  for  dot-blot 
hybridization  aauy  RNA  were  extracted  frocn  cell  lysates  using  the  chaotropic  buffer  quanidine 
thiocyanaie  (GuCN).  ^tracted  RNA  from  the  individual  specimens  was  mixed  with  poly  (dA)  oligomer 
capture  probe  and  i  |  ‘^]  CMP  labeled  HIV-EQi,  RNA  detector  probe.  Viral  nucleic  acid  target  probe 
complexes  bound  to  or  were  captured  by  oligo  (dT)  magnetic  particles  and  repeatedly  cycled  by  washing, 
eluting  and  recapturing,  effectively  reducing  non-specific  background  Detection  of  the  target  complexes 
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was  accompli ished  by  inunot:  :ILzin£  ^'-bridizaiion  mixurc  on  a  niOroceUjlase  manbrane  for 
kuccradtosranby.  For  qi.’ar!Uaf  iv?  purpo.*^.  .autoradiograph  was  tranriOti  \isin%  a  deaakcrsjeter  asu  the 
amount  of  HIV-l  RN'A  present  ic  eaoh  spc.'iTen  was  quantified  reiitiye  to  aUadard  amount  of  RNA 
added  to  uninfected  CEM  cells. 

D.  StCTfuUry  Stmns 

Following  confirmation  of  the  activity  of  tfii  aaive  compound  additional  testing  was  performed. 
These  tests  included  the  use  of  other  human  T,  B.  or  macrophage-monocyie  ceil  lines  to  quantitate  the 
range  of  aaion  of  the  compound  Additional  testing  also  included  pre-  or  post-treatmoM  of  v.lls  with 
therapeutic  compounds  with  respect  to  virus  infeaioa.  Finally,  of  aoion  studies  could  be 

performed  as  described  in  detail  below. 

1.  Svncvtiai  Assays 

The  ability  of  compotiods  to  inhibit  syncytia  formatioa  was  evaluated  in  a  microtier  assay  system. 
Uninfected  CEM  ceils  were  placed  in  wells  of  a  96-well  microtiier  plate  a  1  x  10*  ceils  per  well. 
Chronicilly  infected  CEM  cells  fCEM-HIV}  were  added  a  one-half  log  dilutions  from  10*  to  10"  cells 
per  well.  Drug  was  added  a  appropriae  concentraions  and  the  number  of  syncytia  was  quantitated  at 
24  hours  post-mxing.  In  tnese  assays  syncytium  formation  was  first  daeaed  at  6  hours  piost-infeaion 
and  continued  through  48  hours  post<ocultivation. 

2.  Variation  In  Mu'.iiPlicitv  Of  Infection 

The  protective  ability  of  an  active  compound  was  tested  it  different  muJtiplicites  of  infections. 
MOI  were  varied  to  test  at  low,  intermediate,  and  high  levels  of  virus  input  .A2T  and  ddC  were  utilized 
as  control  test  compounds. 

3.  Variation  In  Time  Of  Drug  Addmon 

Compounds  were  added  prior  to.  during  and  following  virus  infection  to  investigate  the  optimal 
lime  of  drug  addition.  We  routinely  added  compound  at  24,  12,  6  and  2  boun  pre-infectioo  and  2,  4, 
8,  12,  24,  48  and  72  hours  post -infection.  Drug  addition  at  the  time  of  infection  was  utilized  as  the 
relative  control  simple.  A2T  and  ddC  were  used  as  control  test  compounds. 

4.  HIY  bfllftlg 

We  have  available  ax  SRI  a  wide  panel  of  fHV-l  isolates  for  use  in  our  screening  operations. 
These  isolates  include  the  commonly  used  isolates  of  HIV-l  flllg,  RF.  LAV,  MN  and  WMJl)  as  well 
as  a  panel  of  isolates  from  ARC  patients  ohuined  at  Duke  Uoivenity  and  used  in  the  research  program 
of  Dr.  Robert  Buckhelt.  The  biological  and  biochemical  propenks  of  these  isolates  are  the  subjea  of 
several  publications  and  further  characterization  is  ongoing,  Buckheit,  at  aL  (1991)  and  Cloyd,  at  ai. 
(1990).  The  aoite  infection  method  employed  for  pnxiucing  these  pools  of  virus  has  been  described 
above.  CXir  assay  systems  will  also  include  a  panel  of  AZT  resistant  morantt  which  have  been  obtained 
from  the  AIDS  Reposimry.  These  isolate  will  be  a  routine  part  of  our  screening  efforts  in  a  short  period 
of  time.  Wc  also  have  recently  added  two  isolates  of  HIV-2  isolate  to  our  standard  saeeos  and  are  in 
the  proceu  of  securing  other  diverse  isolates  of  HIV-2  in  order  to  improve  our  screening  panel.  This 
panel  of  isolaes  will  demonstrate  the  tbUity  of  a  compounl  to  act  agaievt  a  diverse  group  of  HIV-l 
isolates  and  will  provide  information  regarding  activity  of  a  compound  against  the  related  HrV-2.  We 
will  also  Miempt  to  isolate  mutant  HIV  isolates  ui  wro  with  resistance  to  lelectwl  therapeutic  igetxs  and 
Ihes  document  the  chxngea  in  mideoude  sequence  and  biological  phenotype  which  resulted  in  this  change 
of  drug  sensitivity.  Mutants  will  be  isolated  by  growth  in  medium  with  an  optimal  coAcentrabon  of  active 
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cooftound  u>d  repealed  isoi*ik>n  of  vims  and  reinfection.  Any  vinues  produced  ia  this  manner  wil!  be 
bioiogically  cloofti  by  luniiing  dilution  techniques  and  analyzed  in  our  primary  and  conTirmatory  assays 
for  drug  reaistance.  CroM-reaistance  to  other  therapeutic  agents  will  also  be  analyzed. 

i  APliVirai  Evalu^ions  In  Fresh  Lymphocues  And  Macrophages 

Assays  in  fresh  peripheral  blood  lymphocytes  and  fresh  human  macrophage  cultures  were 
performed  as  needed  to  confirm  and  expand  results  obuined  by  our  collaborators  at  Vanderbilt 
University. 

6.  Acute  And  Chronic  Infections 

We  primarily  measured  the  therapeuuc  efficacy  of  drugs  in  acute  infections  by  the  standard  MTT 
assay  system  described  above.  We  also  used  larger  cell  culture  sy'stenu  to  more  accuratelv  describe  the 
cellular  and  virologic  effects  of  therapy  on  the  kinetics  of  HIV  infection  In  these  assays,  CEM  cells 
were  placed  in  a  microtiter  well  ai  2.5  t  10^  celLs/weil  and  with  100  >il  virus  at  an  appropriate 

previously  determined  multiplicity  of  infection  The  infection  proceeds  for  one  hour  at  37*C  at  which 
point  the  ceils  were  resusp^ed  and  placed  in  a  T25  tissue  culture  flask  in  1.0  ml  of  tissue  culture 
medium.  Fresh  media  was  added  daily  until  a  10.0  mi  of  medium.  Cells  or  supernatant  were  utilized 
a;  various  timcpoirus  (usually  on  a  daily  basis)  and  used  for  quantitation  of  infection  kinetics.  This 
u  antiiation  involved  total  cell  and  viability  counting,  cellular  proliferative  rate  measurement  by  thymidine 
incorporauoD  or  propidium  iodide  staining,  and  measures  of  virus  growth,  including  reverse  transcriptase, 
p24  ELISA,  infectious  liter  and  Western.  Northern,  and  Southern  immuDoblotung.  These  assays  were 
performed  on  mtracelluiar  and  extracellular  sources  of  virus  or  virus  protem  and  additional  assavs  could 
be  performed  on  specified  subcellular  compatmems.  The  perionnance  of  these  assays  will  be  described 
in  detail  below. 

We  also  performed  numerous  assays  to  examine  the  effea  of  agents  on  chronically  infected  cells 
Mea  uremeni  of  the  number  of  cells  in  a  chronically  infected  culture  svhich  express  envelope  glvcoproiein 
or  which  were  determined  to  be  infected  by  synotu  assay  suggests  that  only  10-40%  of  the  ^Is  in  the 
culture  were  infected.  We  performed  etpenments  which  indicated  that  all  of  the  cells  m  the  culture  were 
indeed  infected  but  not  all  expressed  detectable  envelope  glycoprotein.  These  assays  attempted  to  allow 
any  uninfect rd  population  to  grow  out  in  the  presence  of  AZT;  however,  no  uninf>vtivi  cells  were  ever 
detected.  TbCK  cells  appeared  to  be  a  sensiuve  assay  to  detea  agous  which  have  cyuxoxic  activity 
against  infected  cells  or  agenQ  which  inhibited  ongoing  virus  production.  Agents  which  acted  early  in 
die  infection  p:v>cess  such  as  RT  inhibitors  had  no  effea  on  chronically  infected  cells.  Chronically 
infected  ceils  could  be  used  in  microtiter  systems  or  laige  scale  cell  culture.  Our  assays  included  RI 
activity  and  p24  ELISA  analysis  on  the  supernatants  to  detea  reductions  in  virus  production  and 
Northern,  Western  and  p24  ELISA  analysis  of  the  cells  to  examine  changes  in  virus  transcriptioD  and 
translation.  Various  probes  or  monoclonal  antibodies  could  be  used  in  the  Northern  and  Western  analysis 
to  examine  changes  in  the  production  of  viral  structural  or  regulatory  components.  These  mne  assays 
could  be  performed  in  T25  flasks  to  increase  ±e  scale  of  the  assay  in  order  to  d«ea  RNA  or  protem 
which  are  expressed  at  low  level.  Once  again,  details  of  tuese  specific  assays  are  described  below.  We 
also  have  available  the  U1  cell  line  which  we  obtained  through  the  AIDS  Repository  which  is  a  cloned 
chronically  infeoed  U937  cell  line  aixi  has  been  LQ  fcsuys  involving  tiic  induction  of  virus  production 
from  latently  infected  cells  The  Ul  line  was  used  to  compiemea  studies  performed  on  chronically 
infected  T  cdl  lines  such  u  CEM  or  MT-2. 
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hi  adduion  to  endpoint  mea&urenMAts  involving  the  quantitation  of  vinu  in  the  cell-free 
uipematanu  assays  could  be  performed  to  tniantitate  effects  on  cells.  These  assays  could  include  the 
following:  (])  The  FACS  analysis  of  viral  envelope  glycoprotein  or  ceil  surface  protein  such  as  CD4, 
CDS,  or  other  lineage  or  histocompatibility  markers  was  performed  on  cells  prior  to  total  cell  killing. 
The  umepoint  selected  for  optimal  FACS  analysis  was  determined  Cells  were  incubated  with  the 
appropriate  monoclonaJ  antibody  in  a  buffer  of  PBS  containing  2%  FCS  and  0. 1  %  EDTA  for  30  minutes, 
washed  extensively,  and  then  incubated  with  FITC-conjugated  second  stage  antibodies.  Following 
washing,  the  cells  were  analyzed  on  ar  EPICS  FACS  machine.  (2)  Cells  could  also  be  examined 
immune fluorescently  for  imratelluiar  p24  antigen  expression.  Ceils  were  air  dried  on  slides  and  fixed 
with  cold  acetone  prior  to  stairung  as  described  above.  The  percentage  of  inumioofluorescent  cells  was 
quantitated  on  a  Zeiss  fluoretcent  microscope  in  the  microscopy /photography  suite  in  the  P-3  facility. 
(3)  Syncytia  assays  coulu  be  perfonoed  by  transferring  the  cells  to  a  96-welI  plate  at  various  half  log 
dilutioas  and  incubation  with  an  indicator  cell  tine  as  described  above.  The  quantitation  of  syncytia,  or 
syncytia  forming  units,  allowed  quantitation  of  the  percentage  of  cells  in  each  well  which  were  capable 
of  initiating  syncytia  formation.  (4)  Viability  counts  could  be  used  to  confirm  killing  as  measured  by 
MTT  staining.  (5)  A  cell-based  hybridization  essay  was  performed  to  sensitively  detect  cells  which  were 
infected  with  virons  and  producing  HIV.  This  assay  was  similar  to  in  situ  hybridization  assays  and  was 
opumizad  using  nonradioactive  sources  of  hybridization. 


8.  Feline  Leukemia  Virus  fFeLVi  -  FAIDS  Variant 

We  obtained  our  initial  stock  of  Feline  Leukemia  Virus,  FAiDS  variant  from  Dr.  Ed  Hoover  of 
Colorado  State  Univenity 

Following  the  procisdure  for  growing  stock  virus  estaWishod  by  Dr.  Hoover,  feline  embryonic 
fibroblasts,  AH-927  (Dr.  Hoover),  were  grown  in  Eagle’s  minimum  easential  medium  containing  10% 
heat  inactivated  feu)  bovine  serum  (FBS)  and  1  %  non-essential  amino  acids.  Twenty-four  hours  prior 
to  infecting  with  virus,  the  cells  were  subcultured  a:  a  ratio  of  1:4  and  0.2  ml  of  poiybrene  (2  mg/mJ 
stock)  was  added  for  each  100  ml  growth  medium.  On  the  day  of  infection,  the  growth  medium  was 
removed  and  the  cells  were  washed  twice  with  phosphate  bufTered  saline  (PBS).  The  virus  inoculum  was 
allowed  to  adsorb  for  1  hour  at  37*C.  The  virus  inoculum  was  removed,  the  cells  washed  twice  with 
PBS,  and  then  a  minimal  volume  of  growth  medium  containing  polybreoe  was  added,  After  five  days 
incubation  the  culture  fluid  wu  collected  and  clarified  by  ceatrifugabon  (5000  rpm  x  15  min).  The 
supemate  was  dispensed  into  1.0-ml  aliquots,  frozen,  and  then  stored  at  -120*C.  One  aliquot  was  used 
to  determine  the  TdDjo  and  the  focua  forming  unit  (FFU)  titers  of  the  stock. 

Antiviral  screening  of  compounds  for  activity  against  FeLV-FAIDS  was  performed  in  96-weil 
trays  (Coming).  This  screening  procedure  is  a  modification  of  the  FeLV  infeclivity  assay  established  by 
Fiscfainger  H  al.,  (1974).  Forty-eight  hours  prior  to  the  assay,  the  indicator  cdls,  81C  (obtained  from 
D.  Graves,  University  of  Oklahoma,  Oklahoma  City.  OK)  were  subculturad  at  a  raik)  of  1;2.  Twenty 
hours  prior  to  the  assay,  96-well  trays  were  seeded  with  the  81C  cells  at  5  x  IC^  cells/well.  On  the  day 
of  die  assay,  the  celU  were  pretreated  for  30  minutes  u  37'C  with  DEAE-dexirar  (25  uE^nii)  in  0. 1  ml 
Hanks  balanced  salt  solution.  This  was  removed  and  then  0.1  ml  of  growth  medium  containing  32 
TCIDjo  of  FeLV-FAIDS,  or  0  1  ml  of  growth  medium  alone,  was  added  to  each  well.  The  virus  was 
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allowed  to  adsorb  for  1  hour,  thcfl  0.1  ml  of  test  or  cofitroi  compound  (ddC  or  AZT),  or  growth  medium 
was  added.  Plates  were  incubated  v  37*C.  Ceils  were  fed  fresh  growth  medium  containing  compound 
on  Day  4  po«-infeaion.  Culture  ro.dia  were  completely  changed  and  replaced  with  fresh  media 
containing  compound  on  Day  7  post-iniection.  On  Day  10  post -infect ion  the  cells  were  fixed  by  addition 
of  100  >d  buffered  formaUn  for  at  least  1  hr  at  room  temperature.  All  liquid  was  then  removed  and  then 
the  cells  were  stained  with  1  %  Coomassie  Brilliant  Blue  R-250  The  plates  were  rinsed  with  deionized 
water,  allowed  to  dry,  and  then  observed  microscopicaily  for  CPE  and  drug  cytotoxicity. 


9.  Simian  Retrovirus  -  SAIDS  fSRV-2) 

We  received  from  Dr.  Che-Chung  Tsai  (Washington  Regionai  Pnmate  Research  Cenmr)  one  T-25 
flask  and  one  IS  mi  tube  of  a  co-culture  of  Raji  ceils  infected  with  a  simian  type  D  retrovirus  (SRV-2) 
isolated  from  a  macaque  with  SAIDS  at  the  Washington  Regional  Primate  Research  Center. 
Subsequently,  we  purchased  uninfected  Raji  cells  (CCL-^)  from  the  aTCC  for  the  purpose  of  making 
fresh  co-cultures  with  which  to  propagate  the  virus.  These  cells  were  successfully  grown  in  Iscove's 
Modified  Dulbccco's  Medium  containing  15%  FBS  (complete  Iscove's).  The  cells  were  subcultured 
every  three  days  by  a  split  ratio  of  1:3.  This  yielded  approximately  3-5  x  10^  cells/ml. 

Co-cultures  of  normal  Raji  cells  and  Raji  cells  infected  with  SRV-2  were  also  maintained  in 
complete  Iscove's.  These  cells  were  subcultured  every  three  days  by  a  split  ratio  of  1:3  (yield  =  3-5  x 
10"  ceJls/ml).  Raji  cells  and  mfected  co-cultures  were  maintained  regularly.  Fresh  co-cultures  were 
routinely  set  up  according  to  the  procedure  provided  by  Dr.  Che-Chung  Tsai.  Briefly,  1  ml  of  8  ml  of 
an  actively  growing  co-culture  was  added  to  a  T-2S  flask  containing  8  ml  of  complete  Iscove's  medium 
to  which  0  5  rnl  of  actively  growing  Raji  cells  hai  been  aiided.  Thu  new  co-culture  was  meubated  at 
37 °C  with  5%  CO;  with  the  flask  in  an  upnghi  position. 

The  antiviral  screemng  of  compounds  against  the  SAIDS  virus  was  performed  by  a  syncytia- 
inhibition  assay  on  Raji  celts.  Compounds  were  diluted  in  complete  Iscove's  medium  and  then  100^  of 
each  dilution  was  added  to  die  appropriate  wells  of  a  96-wdl  plate.  Actively  growing  Raji  cells.  5x10^ 
cells  in  50  of  complete  Iscove's  medium,  were  then  added  to  each  well.  'Ehis  was  followed  by  the 
additioti  of  SO  >d  of  clarified  supeman;  from  an  SRV-2/Raji  cell  co-culmre.  Plates  were  incubated  at 
37°C  in  a  humidified  innosphere  cotaaining  5%  CO;.  Syncytia  were  counted  on  Day  7  post- infection. 
Drug  toxicuies  were  ascertained  by  comparing  viable  cell  counts  of  uninfected,  drug-treated  samples  to 
the  viabilities  of  uninfected,  untreated  controls. 

10.  Murine  Leukemia  Viru.s  fRauscherl 

Falcon  6-well  tissue  culture  plates  were  seeded  with  1.75x10^  SC-1  ceils  in  2.5  mi  Eagle's 
minimum  essential  medium  (EMEMj  supplemented  with  5%  beai-inaaivaied  FES.  On  the  following  day 
the  culmres  were  inoculated  with  0.5  ml  of  a  suspension  of  stock  virus,  at  a  dilution  which  produced  a 
countable  number  of  plaques  per  well,  and  2.0  ml  of  the  appropriate  dilution  of  drug.  Ceil  control 
cultures  were  reled  with  2.5  ml  medium  and  the  virus  control  cultures  received  0.5  ml  virus  suspension 
pi'js  2.0  mJ  medium.  On  Day  3  post-virus  inoculation,  the  cultures  were  irradiated  with  an  ultraviolet 
germicidal  lamp  for  20  seconds  at  a  dist'nce  of  27.6  cm.  Immediately  afier  irradiation,  5x10^  XC  ceils 
were  added  in  2.5  ml  EMEM-e  10%  heat-inaoiviied  FBS  On  Day  3  post-UV -irradiation,  the  cultures 
were  fixed  with  formalin  and  stained  whn  crystal  violet.  The  plaques  were  counted  with  the  aid  of  a 
dissection  microscope. 

Antiviral  activity  was  expressed  in  terms  of  the  reduction  m  the  mem  number  of  plaques  counted 
in  the  drug-treated  virus-infected  cuimru  compared  with  the  mem  miinber  of  plaques  counted  m  the 
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ustrettfid  virus-infected  control  cultures.  The  drug  cottcentratioc  reduced  tbs  mean  pU<]ue  number 
by  50%  (IDjq)  was  calculated  using  a  regression  analysis  program  for  lemi-iog  curve  fitting  and  was 
expressed  as  ug/mi  Tbc  ibenpeuiic  index.  (TI)  was  determined  by  dividing  the  mininaiin  toxic 
concentration  (MTC)  by  the 

Drug  toxicity  was  measured  by  the  MTT  dye  conversion  assay.  SC-1  ceils  were  seeded  into  96- 
weil  tissue  culture  plates  at  a  concentruion  of  6.0xlCP  cells  per  well  in  0.2  ml  ENfEM-i-5%  heat- 
inactivated  FBS,  The  following  day  the  celt  control  cultures  were  refed  with  100  ul  fresh  medium.  Drug 
toxicity  cultures  and  drug  color  controls  received  20  ul  medium  &0  ul  of  the  appropriate  drug  dilution. 
On  Day  3  xfter  addition  of  drug,  50  nl  of  a  solution  conuinmg  2  mg, 'ml  MTT  in  EMEM-r5%  FBS  was 
added  per  well  Seven  hours  later  100  ul  of  10%  SDS:0.01N  HCl  was  added  per  well.  The  cultures 
were  incubated  oveniight  and  the  optical  density  (O.D.)  read  the  following  day  at  570  nm  on  a  Perkiii- 
Eimer  lambda  plate  reader. 


£.  Mtdmigni  pf  Artiwi 

1.  Eqi  Reverse  Transcriptase 

The  following  compoursds  were  obtained  from  the  indicated  sources:  leupepun,  pepsiaim,  and 
ribosotrul  RNA  (16  S  and  23  S)  from  E.  coli  MRE  600.  Boebringer  Mannheim  Chemicals: 
poly(rA)*p(dT;,2.i|.  2'-deoxyth>midine  5 '-triphosphate  sodium  salt  (dTTP),  2'-deoxyguanosine  5'- 
triphosphatesodiumsalt  (dGTP),  2’-deoxyadenosine5  -triphosphate  sodium  sail  (dA  TP).  2'-deoxycytidine 
5 '-triphosphate  sodium  salt  (dCTP),  and  2',3’-dideoxythymidiiie  5 '-triphosphate  sodium  salt  (ddTTP), 
Pharmacia:  DNA  primer  (TAACci  i  GCGGCCGT),  Genetic  Designs.  lac.;  Triton  X-lOO  (Surfact-Amps 
X-100  10%  solution).  Pierce;  and  [methyi,  r,2'-^Hl-deoxythymidme  5 '-triphosphate  tetrasodium  salt  m 
Tncine  buffer  (100  Ci/tmaol),  NEN  Research  Products.  Avian  MyeioWastosis  Virus  (AMV)  reverse 
transcriptase  was  purchased  from  Bio-Rad  Laboratories  and  Moloney  Munae  1  eultemia  Virus  (MuLV) 
reverse  transcriptase  from  Bethesda  Research  Laboratories. 

Prior  to  April  of  1990,  HIV-l  reveiM  transcnpiase  stocks  were  prepared  in  the  following  manner. 
Initully,  Of  CEM  ceils  infected  with  the  HTLV-IUB  strain  of  HIV-l  were  used.  The  infected  cells 
were  grown  m  medu  for  at  least  three  days.  The  ceils  were  roBOved  by  low  speed  ceninfugation  and 
virus  pelleted  from  the  clarified  supernatant  by  centnfugation  at  16,000  x  g  for  2  hours  at  4°C.  The  virus 
pellet  uras  resuspended  in  l/lOth  of  the  iiuiial  supernatant  volume  in  10  mM  Tris-HCl  (pH  7.8),  1  mM 
ethylenediaminecetraacetic  acid  (EDTA),  200  mM  KCl,  10  mM  ^-merciptoethanol,  3  leupepdn,  and 
0.5%  Triton  X-100,  dispersed  by  vortexing.  and  kept  at  room  temperature  for  1  hour  to  ensure  complete 
disrup'ioo  of  the  virus  coat  Glycerol  was  added  m  the  sample  to  make  it  30%  in  that  reagent  and  the 
tatnple  stored  at  •20°C. 

A  stock  of  Rauscher  MuLV'  reverse  transcriptase  was  prepared  from  cell-free  culture  medium 
which  contained  only  the  Rauscher  MuLV  and  none  of  the  spleen  focus-forming  virus  (SF  W),  The  virus 
pdlet  was  resuspended  in  1/lOth  of  the  initial  supernatant  volume  in  40  mM  Tns-HO  (pH  7.8),  0.2% 
Triton  X-100  ,  20  mM  (S-mercaptoethanol,  6  jiM  leupepun,  400  mM  KQ,  and  2  mM  EDTA  and 
dispersed  by  vortexing.  Glycerol  was  added  to  the  sample  to  make  it  30%  in  that  reagent  and  the  sample 
stored  n  -20'’C. 

After  April  of  1990,  panially  purified  stocks  of  HIV-l  or  HrV-2  reverse  tnnicriptasea  were  used 
in  the  "wirkxnimi  of  action  studies.  CEM  cells  were  infected  with  either  a  itrtin  of  HIV-l  that  produces 
high  extracelluJar  levels  of  reverse  transcriptase  (SKI  strain)  or  the  ROD  isolate  of  HrV-2.  The  virus 
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w«  pclletod  from  cell-free  tupenmant  by  certrifujatton  tad  resuspended  in  10  mM  Tiis-HCl  (pH  7.8;, 

I  mM  EDTA,  200  mM  KCl,  10  mM  tf-mercaptoahtnol,  1  »*M  pepstaiin,  3  ,u.M  leiipcptin,  and  0  5* 
Triion  X-lOO.  The  HPi/'-l  reverse  transcripuse  was  punfied  on  a  smgle-strand  DNA  cellulose  column 
equilibrated  in  25  mM  potassium  phosphate  (pH  7.4),  10*  glycerol.  1  mM  phenylmcthyisulfonyl  fluoride 
(PMSF),  and  10  DlM  ^ 'mercaptoethanol .  Reverse  transcripuse  was  eluted  ftom  the  column  with  a  0  - 
1  N  KCl  gradient.  The  column  was  rrwnitored  by  mfisuring  reverse  transaipuse  aaivity,  single  strand 
DNA  nuclease  aaivity,  and  terminal  transferase  aaivity  (Protein  could  not  be  detected  by  etther 
measuring  absorbance  at  280  nm  or  by  Bio-Rad’s  microproiein  method.)  Fractions  from  the  ascending 
portion  cf  the  reverse  transcriptase  activity  curve  (which  were  essentially  free  of  nuclease  aaivity  and 
free  of  terminal  transferase  aaivity;  were  pooled.  The  HIV -2  reverse  transcripuse  was  purified  ny  a  two 
step  procedure.  The  cell-free  viral  pellet  was  applied  to  a  Blue-Sepharose  column  equilibrated  with  buffer 
conuining  25  mM  Tris-HCl  (pH  7.4),  10*  glycerol.  1  mM  PMSF.  and  10  mM  ^-mercaptoethaool  The 
reverse  transcripuse  was  eluted  by  a  gradient  of  0.2  to  1.0  N  KCl.  Fractions  containing  HIV' -2  reverse 
transcriptase  aaivity  greater  than  500.000  dpm's/10  were  pooled  and,  after  dialysis  to  remove  sait, 
applied  to  a  Affi-Gel  Heparin  column  equilibrated  in  25  mM  potassium  phosphate  buffer  (pH  7,4),  10* 
glycerol,  1  mM  PMSF,  and  iO  mM  ^-mercaptoetbanol.  The  reverse  transcriptase  was  eluted  with  a 
gradient  from  0  to  0.8  N  KG.  This  purification  procedure  gives  a  pool  of  Hr'»’-2  reverse  transcriptase 
free  of  contaminating  nuclease  aid  terminal  transferase  activity.  Bovine  serum  albumin  was  added  to  the 
final  pool  of  each  reverse  transcripuse  at  a  final  coQceatrauon  of  200  >ig'ml  Each  enzyit.  stock  was 
dialyzed  against  25  mM  Tris  (pH  7.4)  buffer  containing  10  mM  5-mercaptoeihanoI.  30*  glycerol,  ard 
0.01*  Triton  X-100,  aliquoted,  and  stored  at  -70“C  until  needed. 

The  poly(rA)*p(dT)  templaie^primer  was  prepared  by  dissolving  1  mg  of  poly(rA;*p(QT 
m  1  ml  of  H;0,  heating  at  42 °C  for  5  minutes,  and  cooling  slowly  to  room  temperature.  The  ribosomaJ 
R.NA  templaie«primer  was  prepared  by  annealing  the  DNA  primer  io  the  16  S  ribosomaJ  RNA  at  a  3:1 
molar  ratio.  Two  huisdred  (200)  cf  16  S.TZd  S  ribosomal  R.NA  and  2  Mg  of  DNA  primer  were  muted 
in  0,05  N  NaCl,  0.2  .M  Tris-HCl,  pH  8.0  (final  volume  200  mIj  The  mixture  was  placed  in  boiling  H^O 
aoa  then  allowed  to  cool  slowly  (overnight)  to  room  temperature.  Assuming  that  this  3: 1  molar  ratio  of 
primer  to  template  is  sufficient  to  anneal  one  DNA  primer  to  each  16  S  ribosomal  RNA  molecule,  then 
the  concennation  in  the  stock  of  3'-hydroxyfs  iviiJable  for  exteaston  by  the  enr,,’me  is  0.73  mM.  The 
gaped  duplex  DNA  was  prepared  from  calt  thymus  DNA  by  the  method  of  Baril  «r  a/.,  (19TD.  Stock 
solutions  of  each  template«pruner  were  divided  into  small  aliquots  and  stored  at  -20‘C  until  needed. 

The  following  routine  procedures  were  used  to  prepare  the  unknown  compounds  for  testing 
Water  soluble  compounds  were  dissolved  at  either  1.0  mg/mJ  or  0.5  mg/mJ  in  H^O  on  the  day  of  the 
miual  asuy  .  Vortexing  or  sonicating  the  solution  may  be  used  to  solubilize  the  compound  If  needed, 
the  solution  may  be  healed.  Hydrophobic  compounds  were  dissolved  e  5.0  mg/mi  in  solvent,  diluted 
with  H^O  on  the  day  of  the  icutial  assay  to  0.5  mg/ml  (10*  in  solvent)  Vortexmg  or  sonicating  the 
soluuoD  may  be  used  to  solubilize  the  compound.  If  needed,  the  solution  may  be  heated.  This  stock  is 
diluted  as  needed  with  H^O  and  sufficient  solvent  to  give  the  appropriate  drug  cuocemratjon  m  10* 
solvent.  The  prefened  solvent  is  DMSO  followed  by  MeOH,  Et()H.  and  acetone.  If  the  drug  is 
insoluble  in  these  solvents  then  specific  instructxMU  are  obtained  from  'he  project  officer  for  testing  the 
drug 


a.  HIV-1  reverse  traiiscnotase  inhibition  screen  with  the  DOlvirA)«otdTj|-  ,,  lemolaie. 

For  water  soluble  drugs  the  following  protocol  wu  used  Ten  m1  ol  a  solution  ennui n mg  the  test 
con^xxind  was  added  to  one  well  of  a  96-weJI  flat  bottom  microtest  plate  wnh  lid.  followed  by  10  m1  of 
enzyme  sotuboa,  and  finally  30  jd  of  a  mixture  containing  the  assay  buffa.  letnplite-primer.  and 
substrate  The  final  assay  for  HIV-l  reverse  transcriptase  contained  59  4  mM  Tris-HCl  (pH  7,9).  0  07* 
Triion  X-lOO,  109  mM  KCl,  9,0  mM  MgCU,  7,2  mM  3-ineicapioeihanol,  0  36  mM  athyleneglycol-bu- 
(fi-aminoethyl  ether)  N.N.N'.N'-tecraaectic  acid  (EGTA).  0  M  mM  EDT.',.  C  42  mM  leupcptin,  6* 
glycerol,  1  Mg  of  poly(rA)«p(dT),2.n,  and  60  mM  dTTP  (4.16  mCi  ^H/Mtnoie  (JTTP),  The  final  assay 
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for  Al*rv  revene  tranjcripaue  contiined  78  niM  Trii-HG  (pH  7.9),  109  mJ!  KCl.  12  siM  W-CU,  S 
^  p-mercaptoetlianoi.  0.49  taM  ECTTA,  1  fig  of  poJy{rA^dT),2.„,  and  60  mM  dTTP  (4J6  mCi 
^/^iinole  (TTTP).  The  final  assay  for  Moloney  MuLV  reverie  transcriptaae  coniaiaed  7g  mM  Tris-HCl 
(pH  7.9),  12  mM  MgOj.  8  mM  ^-mercapioethanol.  0.49  mM  EGTA.  0.25  ng  albumin  1  m6  of 
poly(rA)«p(JT),;.„,  and  60  mM  dTTP  (4. 16  mCi  ^Hlfi.-no]e  dTTP).  The  final  assay  for  Rauscher  .MuLV 
reverse  transcripuse  assay  contained  69  mM  Tris-HCl  (pH  7.8),  0.028%  Tnwn  X-IOO.  136  KCl  0  6 
mM  MaCK,  1 1  mM  d-mercaptoethanol,  0.88  mM  EDTA,  0.84  fM  leupeptin,  6%  glycerol  1  25  me  of 
poly(rA)-p(dT)i:.i8.  and  200  mM  dTTP  (400  mCI  ^H.'Mmole  dTTP).  The  HIV-1  and  AM\'  reverse 
transcriptase  assays  were  run  for  1  hour  at  37°  C,  the  Moloney  MuLV  revene  transcriptase  assay  for  45 
minutes,  and  the  Rauscher  MuLV  reverse  transcriptase  assay  for  30  minutes.  They  were  terminated  by 
the  addition  of  65  m1  of  0.2  M  sodium  pyrophosphate.  One  hmklred  m1  from  wdl  was  spooed  on 
a  Whatman  GF/a  gUu  microfibre  filter  and  processed  by  the  method  dacribed  by  While  tt  a/.,  (1982). 
For  the  HFV-l  and  AMV  reverse  transcriptase  assays  results  are  expressed  as  picooirics  of  dTTP 
incorporated  per  hour,  for  the  Moloney  MuLV  reverse  transcriptase  as  ptcocuries  of  dTTP  incorporated 
per  45  minutes,  and  for  the  Rauscher  MuLV  revene  transcriptase  as  picoairies  of  dTTP  incorporated  per 
30  minutes.  Each  sample  is  assayed  m  quadruplicate  and  the  average,  standard  deviation  (S.D.),  standard 
error  (S  .E.),  and  coefficient  of  variation  (C.V.)  we  calculated. 

For  DMSO  soluble  compounds  the  protocol  was  modified  as  follows.  Twenty-five  m1  of  a 
solution  containing  the  test  compound  was  added  to  one  well  of  a  96-weil  flat  bottom  microtest  plate  with 
lid,  followed  by  10  m1  of  enzyme  soluuon.  and  finally  15  mJ  of  a  mirture  containing  the  assay  buffer, 
template-primer,  and  substrate  The  final  assay  for  HIV-1  reverse  transcriptase  contained  57.4  mM  Tris- 
HCl  (pH  7.9),  0.07%  Triton  X-100,  2%  DMSO,  106  4  mM  KG,  8.68  mM  MgO,  7  0  mM 
mercaptoetbanol,  0.35  mM  EGTA,  0.14  mW  EDTA.  0.42  mM  leupeptm.  6%  glycerol.  1  fig  of 
poly(rA)*p(dT),;.,,.  and  60  mM  dTTP  (4. 16  mCi  ^H.'Minole  dTTP).  The  final  assay  for  AMV  reverse 
transCTiptase  contained  76  mM  Tru-HG  (pH  7,9),  2%  DMSO,  106.4  mM  KG.  12  mM  MgCU,  8  mM 
5-^captoetfaanol,  0.48  mM  EGTA.  1  fig  of  poly(rA>*p(dT)i2.!|.  and  60  mM  dTTP  (4.16  mCi 
dTTP).  The  final  assay  for  Moloney  MuLV  reverse  transcriptase  contained  76  mM  Tria-HG  (pH  7.9), 
2%  DMSO.  12  mM  MgG2.  8  mM  ^-nsercaptoethanol.  0  48  mM  EGTA,  1  fig  of  poly(rA)»p<dT;p 
lod  60  (fTTP  (4. 16  mCi  H/^anolc  cTTTP).  The  HrV-l  wd  \MV  revttie  tmuaipciM  i&says  were 
run  for  1  hour  at  37®C  and  the  Moioncy  MuLV  revene  tranacripaie  aaaay  for  45  u  tiae  umf 

temperamre  They  were  terminaiad  by  the  addition  of  65  ^  of  0.2  M  wiinpi  pyrophosphate.  One 
hundred  fil  from  each  well  was  spotted  on  a  Whatman  GF/A  glass  miinofibre  filter  and  prxjcessed  by  the 
method  described  above.  Results  are  reported  as  desaibed  above. 

Each  screoi  was  sa  up  to  the  same  format.  The  first  four  Kl«nir  filterj  which  have 

been  through  rhe  wash  proceiire.  Two  sets  of  controls  (OE)  which  are  usayi  withou  any  enzyme 
solution  are  run;  one  is  ac  the  begmnin*  tod  one  a  the  end  of  each  screen.  Two  sets  of  Ksays  in  which 
DO  inhibitor  was  pr esem  (Of)  art  always  iueJuded.  Positive  controls  with  a  known  reverse  transcripuse 
inhibitor,  ddTTP  or  pbocphoaofbrmic  acid  (PFA),  are  also  included.  (If  the  coofwund  is  soJubiJized  m 
DM,SO  then  the  OE,  01,  and  positive  drug  cootroli  alio  contain  2%  DMSO).  In  wV|iiiAn.  5  aliquots 
of  the  assay  solutioo  are  also  counted,  this  can  be  used  to  convert  the  data  to  picomola  of  dTTP 
incorporated.  Initially,  each  A  VS  compound  is  tested  at  100,  50.  wd  10  figJml  to  see  if  it  inhibits 
reverse  transcripase  in  this  assay  system.  If  a  does,  then  additiaeai  icreear  ire  done  st  drug 
concentrations  tailoral  to  each  compound  so  that  the  concentration  that  iiditms  me  enzyme  by  50%  (TD^i 
can  be  calculated.  ^ 


b.  n7V-'r  WIJ  nrT-2  Itvgfsc  tfamCTiiHJCTc  raiiibiipjfi  iamc  with  the  iirtgnji»jiYmer 

tgn'-rlaies 

To  d«termii*e  the  effect  of  i  wuef  loIuWe  inhibitor  on  HfV-l  jtnd  HIV-2  revem  trantcripuse, 
10  of  X  solution  containing  the  test  compound  was  added  to  one  well  of  >  96-weIl  flat  bottom  roicroiest 
plate  with  lid,  followed  by  30  fd  of  a  mixture  containing  the  assay  buffer,  templaie*prijoef.  and 
subsxaies.  The  reaaion  was  started  by  the  additton  of  10  >d  of  a  solution  containing  the  enzyme.  The 
assay  on  the  ribosotaal  RNA  template  contained  50  mM  Tris-HQ  (pH  7.4),  50  mM  KCl.  !0  mM  MgC]2, 
4  mM  ^-roercaptoethawil,  1  mg/ml  bovine  serum  albumin,  3%  glycerol,  6.66  ^g/mi  of  rRNA*primer, 
10  mM  dATP.lO  >iM  dCTP,l0  dGTP.aod  2  mM  dTIT  (101.9  mCi  ^H  lunole  dTTP).  The  assay  on 
a  gaped  duplex  DNA  tempLaie  contained  50  m(*l  Tris-HQ  (pH  7.4),  125  mM  KCl,  2  mM  MgCli.  ^  mM 
^-mercaptoetbaoot,  1  mg/mJ  bovine  serum  albumin,  10  of  gaped  duplex  DNA.  10  dATP,  10 
>iM  dCIT,  10  >4M  dGTP.  and  2  fiM  dTTP  (101.9  mCi  ^H/>irooie  dT^).  Each  assay  was  run  for  I  hour 
It  37*C,  xtxl  terminated  by  the  addition  of  65  id  of  0.2  M  sodium  pyrophosphate.  One  hundred  >d  from 
each  well  was  spotted  on  a  GF/A  glass  microflbre  filter  and  proceasad  by  the  method  described  by  Hliite 
*t  al.,  (19S2).  For  hydrophobic  compounds,  each  well  coniained  the  solvent  at  2%  (v/v). 

Each  screen  was  set  up  in  the  same  format.  Two  sets  of  cotarols  (OE)  which  are  assays  without 
any  enzyme  soluuou  are  run,  one  is  at  the  beginning  and  one  at  the  end  of  each  screen.  Two  sets  uf 
assays  in  which  no  inhibitor  was  present  (01)  are  always  included.  Positive  controls  with  a  Itnown 
reverse  transcriptase  inhibitor,  ddTTP,  are  also  included.  (If  the  compound  is  in  a  solvent  other  than 
H;0  then  the  assays  for  the  OE,  01,  and  positive  drug  controls  also  contain  that  solvent  at  2.0%.)  In 
addition,  5  >d  alit)uots  of  the  assay  solution  are  also  counted,  this  could  be  used  to  convert  the  data  to 
picomoles  of  dTTT  incorporated.  Initially,  each  AVS  compound  is  tested  at  100  ,  50,  and  10  ngimi  to 
see  if  it  inhibits  reverse  transoiptase  in  this  assay  system.  If  it  does,  then  additional  screens  are  done 
at  drug  concentrations  tauiored  to  each  compound  so  that  the  concentration  that  inhibits  the  enzyme  by 
50%  (ID)o)  can  be  calculated. 


2. 


Comnirivim  Of  Kdqwti  Inhibitors  Of  R^rygm  Trv^rrrK2S£ 

Se  enl  kocwn  inhibRon  of  revertc  tnnicrtptwe  were  toted  ijtunst  the  enzymes  from  the  four 
virxises.  \ZTTP  wu  obuined  from  Burroughi  Wdlcoroe  Company,  tte  5'  triphosplate  of  carbovir  was 
synthesized  at  SRI,  snd  ddGTP  was  purchased  from  Boehringer  Maaheim,  When  the  rwo  guanosine 
analogs  were  tested  the  template*  ptimer  was  poly  (rC)*(dG),2.n  and  the  radioactive  tracer  was 
dCTP.  As  shown  in  Table  1.  HIV-l  reverse  transcriptase  was  at  least  an  order  of  magnitude  more 
sensitive  to  inhibition  by  all  of  the  compounds  than  any  cf  the  other  three  enrymes. 

Table  1 

Reverse  Transcriptase  lohibhors 


Compound 

Template 

HIV-l 

AMV 

Mdoney 

MuLV 

Rausch  er 
MuLV 

ddTTP 

polyfrA) 

0.03 

3 

33 

>50 

AZTTP 

• 

0.03 

0-29 

0.8 

17 

PFA 

• 

0.2 

7 

n.t. 

3 

ddGTP 

poly(rC) 

0.05 

0.58 

5.6 

>50 

Carbovii  TP 

a 

0.03 

0.75 

2.6 

U 

n.t.  ■  not  tested 


3.  Characterization  Of  Cloned  HIV-l  Reverse  Transermtase 

Because  of  the  potential  hazards  involved  in  preparing  sufficies  quaiaity  of  pelleted  virus  to  serve 
as  stock  loluuoos  for  the  HfV-l  reverse  tranaenpuae  inhibition  aauys,  we  investigated  the  possibility  of 
using  baaerial  expressed  viral  reverse  transenpuae.  Dr.  Casey  Monow  a  the  University  of  Alabama 
in  Rirmingham  hss  provided  us  with  crude  prepaiations  of  HrV-1  reverse  trauaenpuse  from  £.  coJi 
containing  either  he  viral  gene  legmem  for  the  protease,  I'everse  transcriptase,  and  eodomidease  or  only 
the  viral  gene  segmeot  for  the  reverse  tranacripuse.  We  determined  a  number  of  enzymatic 
cbaracteiistics  of  these  samplee  and  compared  them  to  chose  of  the  enzyme  extracted  from  pelleted  virus. 
For  all  of  the  parameters  wt  examuied,  the  three  HIV-l  reverse  transcriptase's  appeared  to  be 
comparable,  but  not  neceaaarily  identical.  Small  differaices,  which  may  not  be  statistically  significant, 
were  observed  in  the  K„  for  dl  l i'.  the  IDyj  for  ddTTP,  and  the  d^ee  of  activation  at  low  RCl 
concentrations. 

The  K„,  for  dTTP  was  7  for  the  rc  erse  transCTipiaie  from  pelleted  virus,  15  fiM  for  the 
enzyme  from  the  bacterial  expressed  gene  tegmem  containing  the  protease  and  endonuclease  is  well  as 
ihe  reverse  transenpease,  and  6  fiM  from  the  gene  segment  with  only  the  reverie  aanscriptise.  The  effect 
of  KG  on  the  activity  of  reverse  transcriptase  wu  also  determined  The  native  enzyme  and  the  reverse 
transcriptase  from  the  gene  tegment  without  the  protease  appear  to  be  identical,  in  the  absence  of  KCl, 
the  reverse  transcriptase  from  dte  gene  segment  containing  the  protease  sod  endocucleaie  is  about  1/2 
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fee  activity  of  fee  other  two  reverie  tnrtscripuse'j.  An  IDj^  for  ddTTP  w»s  determined  for  ail  three 
reverse  rrarocriptaae’!.  The  HIV-l  reverse  tnnsenpUtti  frons  fee  gssa  fragmci!:  canuir.ing  the  protease 
and  etKioQudeaie  has  an  IDj^  (0.06  ^M)  which  is  almost  twice  as  large  as  feat  of  fee  other  two  reverse 
transcriptase’s  (0.03  tiM],  These  dau  lend  strong  support  to  usaig  bacterial  expressed  reverse 
transcriptase  for  fee  inhibitjon  screen  In  addition  to  being  safer  to  handle  fear,  fee  vims,  enzyine  from 
this  source  docs  not  contain  fee  high  levels  of  Triton  X-100  needed  to  disrupt  fee  virus  pellet. 

4.  PurificaiiOD  Of  Host  Cell  Enzymes 

Human  DNA  polymerases  o,  5,  and  y  and  DNA  primase  were  partially  purified  from  a  human 
chronic  myeJogetrous  leukemia  cell  line  fK562)  grown  in  cell  culture  by  ?  previously  described  method, 
Parker  et  ai.,  (1991).  Briefly,  5  ml  of  packed  cells  were  homogenized  and  loaded  onto  a  SO-mJ  DEAE- 
ceiiulose  column  connected  in  taridem  to  a  50-mi  celluiose-pbosphate  column  equilibrated  wife  a  50  mM 
potassium  phosphate  buffer  (pH  7,5).  The  DNA  polymerase  a-TlNA  primase  complex  and  DNA 
polymerase  y  bound  to  fee  DEAE-cellulose  column,  and  DNA  polymerase  Q  bound  to  fee  celluiose- 
pbosphate  column.  DNA  polymerase  S  was  further  (Hirified  by  chromatography  on  single  strand  DNA- 
cellulose.  The  DNA  polyn. erase  a/DNA  pnmase  complex  was  separated  from  DNA  polymerase  y  by 
chrotnatografihy  on  cellulose-phosphate,  and  then  each  enzyme  was  furtJier  purified  by  chromatography 
on  single  strand  DNA-ceilulose  Under  these  mild  purification  procedures  DNA  polymerase  a  and  DNA 
pnmase  were  not  separated  from  one  another  The  three  DNA  polymerases  were  distinguished  from  one 
anotiier  by  feeir  chromatographic  behavior,  tneir  template  preference,  and  their  sensitivities  to 
didooxynucleotides  and  N'-ethylmaleimide. 


F.  In  VivD  Models 


1.  Murine  Models 

The  overall  rationale  for  establishing  fee  in  vfvo  model  of  murine  ecotropic  retrovirus  disease  is 
essentially  fee  same  as  that  for  fee  primary  drug  discovery  saeens  in  us.'aie  culture  and  cell-free  systems, 
i.e.,  to  evaluau  fee  feerapeuuc  potential  of  i  variety  of  agoiis  or  combmaiions  of  agents  and  to  select 
fee  roost  promismg  agents  for  further  investigation  and  clirucal  trials.  However,  some  major  differences 
distinguish  fee  In  vivo  muruie  retrovirus  models  from  fee  primary  drug  screening  programs.  The  primary 
screens  were  orgaaia.'d  to  evaluate  large  numbers  of  candidate  agents,  some  of  which  had  received  little 
or  DO  pnor  evaluation  for  any  antiviral  effects.  The  need  to  acreen  lo  many  compounds  required  fee 
development  of  a  simple  standardized  panel  of  lest  cell  lines  for  screening  possible  antiviral  effects  at 
nonlethal  doses  of  fee  agems  However,  screening  potential  aniirecrovu^  agents  wife  Just  a  few  cell  lines 
has  allowed  only  limited  predicnoru  of  clinical  activity  In  contrast  to  this  quantiUi.'veJy  extensive,  but 
somewhat  superficial  approach  to  drug  screening,  fee  in  vivo  munne  recrovuaJ  disease  models  evaluate 
in  depth  only  a  few  selected  agents,  for  which  fee  primary  drug  screens  or  studies  io  other  laboratories 
have  indicated  promise  as  biological  response  modifiers  (BRM)  and/or  antiviral  age 

Two  nuirine  models  of  retroviral  disease  have  been  established:  the  LP-BM-5  viru*  mixture, 
dubbed  murine  AIDS  (MAIDS)  because  it  shares  some  of  fee  features  of  fee  human  disease,  and  Rautcher 
leukemia  virus  (RMuLV),  which  is  actually  i  mixture  of  fee  Rauscher  MuLV  and  fee  Rauseber  SFW. 
The  LP-3M-5  model  utilizes  adult  female  C57BL/6  mice,  and  the  RLV  tnodel  uses  adult  female  BAUB/c 
mice.  Treatment  of  infeaed  mice  wife  antivirals  and  BRM  is  initiated  before  or  after  infection  wife 
varioui  tchedula  and  dotes.  In  fee  LP-BM-5  model,  mice  are  sacrificed  four  weeks  aner  mfectioD. 
Anecthetized  mice  are  weighed  and  exsanguinated,  and  spleen  weights  are  recorded  as  fee  time  of 
sacrifice.  In  fee  RLV  model  the  same  procedures  are  performed  two  or  three  weeks  after  infection. 
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Aikiitional  groups  of  LP-BM-5  infectfid  mice  are  rruinuined  without  further  treatmeut  until  death, 
deduction  m  tpleaomegaly  serves  as  the  initial  test  for  antiviral  activity.  Viremia  (quantiuud  in  an  UV- 
XC  plaque  assay),  RT  levels,  ttsd  IgM  and  IgG  levels  (by  asaibody-capture  ELISA  or  rsdial 
immunodiffusion)  are  measured  in  serum  samples.  Agents  which  show  activity  in  these  assay  systems 
are  further  evaluated  for  their  ability  to  protect  or  resio-e  iuunune  function  in  LP-BM-5-Lnfectcd  animals. 
Various  components  of  the  immune  system  are  inoniiored,  including  T-lytnphocyte  function  by  mixed 
lymphocyte  reaction  (MLR)  and  by  mixed  lymphocyte  tumor  reaction-ceJl  mediated  cytotoxicity  (MLTR- 
CMC),  which  measures  generation  of  cytotoxic  T  lymphocytes,  natural  Itili'ir  (NK)  aaivity,  and 
macrophage  activauon.  AIDS  patients  show  deficiencies  in  a  number  of  these  immune  functions. 
Additionally,  due  to  the  reported  myelosuppressive  effects  of  antivnal  therap\ ,  further  studies  focused 
on  the  effect  of  BR,M  and  antivirals  on  the  hematopoietic  function  of  bone  marrow  stem  cells,  as 
measured  in  the  ui  virro  colony  formation  assay. 

a.  UV-XC  assay 

The  UV-XC  assay  involved  a  two-stage  culture  procedure  to  enumerate  the  number  of  plaque- 
forming  units  (PFU)  in  scrum  and  other  tample*.  SC-1  cells,  originally  derived  from  feral  mouse 
embryos,  were  seeded  in  12  wdl  tissue  culture  plates  ai  a  density  of  7  x  10*  celis/ml.  After  20  hours, 
the  cultures  were  incubated  wiffi  DEAE-dextran  (25  *ig/tnl)  and  rinsed.  Then  appropriate  serial  dilutioas 
of  virus  samples  were  added.  Three  days  after  virus  inoculation,  the  medium  was  decanted,  and  the 
cultures  were  irradiated  with  a  UV  lamp  ai  a  total  dose  of  1200  erg/ mm2.  XC  cells,  a  rat  tumor  cell  line 
ir.duced  by  Rous  sarcoma  virus,  were  added  at  a  concentration  of  2  x  10^/mi.  Three  days  later,  the 
cultures  were  rinsed,  fixed  with  formalm  and  stained  with  crystal  violet.  Plaques  m  the  cell  morwlayer 
were  counted  with  a  dissecting  miaoscope  The  infectious  centers  assay  is  a  variation  of  the  UV-XC 
assay  in  which  single-cell  suspensions  of  viable  murine  spleen  cells  serve  as  the  source  of  virus,  rather 
than  serum  or  splenic  homogenates.  This  assay  quantitates  the  number  of  productively  infected  cells  in 
the  spleen. 

b.  Rrsne ,  tncsgicust  Iipuruit} 

The  opumum  conditions  for  the  assay  of  RT  from  Rauscher  MuLV  were  worked  out  using  virus 
pelleted  from  cell-free  culture  medium.  No  Rauscher  SFFV  was  present  m  the  samples  used  for 
developmental  work.  The  RT  was  exaaaed  from  the  virus  pellet  by  incubation  with  buffer  containing 
0,1%  Triton  X-100  and  200  mM  KCl  The  addition  of  the  divalent  cation  Mn'"'  gave  maximum  enzyme 
activity  in  the  range  between  0.4  and  0.8  mM.  KCl  stimulated  the  enzyme  aoiviry  up  to  about  150  mM, 
but  was  inhibitory  at  220  mM.  The  pH  opfimum  was  tentatively  determined  to  be  around  7,g,  The 
for  the  template  primer,  polyfrAf^lytdTlij.n,  was  4  ^g/mJ  and  for  the  substrate  dTTP  it  was  70^M. 

The  preceding  infonnation  was  used  to  establish  a  procedure  for  the  assay  of  RT  m  sera  infected 
with  Rauscher  MuLV  and  SFFV,  Mouse  sera  are  stored  frozen  (-70’C)  and  may  either  be  thawed  before 
beginning  the  procedure,  or  if  the  volume  in  die  aliquot  is  known  they  may  be  thawed  during  the  lysing 
procedure. 

1)  An  equal  -olume  of  the  following  buffer  is  added  to  the  mouse  serum  in  a  capped  tube; 
eOniM  '1 .  1-HCl  (pH  7  8)  containing  0.2%  Triton  X-lOO,  20mM  b-mercaptoethanol.  6 
iM  leupeptin,  400  mM  KCl,  and  2  mM  EDTA.  This  mixture  may  be  left  at  room 
temperature  until  the  sera  has  thawed 

2)  Keep  on  ice  for  30  minutes  ifier  thawing,  mveii  orice  or  twice  during  this  period  to 
ensure  adequate  mixing 


3)  Either  assay  sample  for  RT  ictivity  immediately  or  store  at  4'C  until  needed  for  assay. 


4) 


Ten  ^  of  the  lysate  from  Step  2  n  inaibaicd  for  30  minutes  at  37°C  m  a  SO  ^  rcactior. 
crvttainmg  1.2S  of  poly(rA)«p{dT)i;.n,  200  jtM  dTTP  (400  ttCi  of  ^H/titnole  of 
cITTP).  8  mM  ^-mcj-captoethanol,  120  mM  KQ,  0,6  mM  MnCU,  0.10  mM  EDTA,  0.6 
ft)A  IcupepCiu,  afiu  0.02%  Triton  X*x0C  ut  80  tnM  Tfis-HCl  (pr^  7.8).  TTte  rijiear  range 
of  the  assay  is  I  to  100  picomoles  of  dTTP  incorporated  iu  ±e  30-miQute  incubation. 
Samples  were  then  washed  and  harvested  b  a  Skatron  automated  harvesuni  system. 
IncorporaMon  of  radioactivity  w!«s  measured  in  a  liquid  scintillation  counter. 

A  unit  of  activity  is  defined  in  terms  of  the  number  of  picomoles  of  substrate  incorporated  in 
hour  by  1  ml  of  sets. 

c.  Immunological  methods 

Naruril  Killer  (N’K)  activity  was  measured  in  a  4-hoir  **Cr’  release  cytotoxicity  assay.  In  this 
assay  10*  ^’Cr  latseJled  YAC-1  Urjjet  cells,  a  munne  lymphoma  line,  were  mixed  with  serial  dilutions 
of  effector  cells,  raurine  spleen  cells,  in  Uie  wells  of  a  round-bottom,  i<6-wcll  tmerotiter  plate.  The 
effectcr-to-targu  ratios  ran^e  frem  50;  1  down  to  6: 1  After  the  4-hour  incubation,  the  supernatant  was 
collected  usinj  a  supernatant  collection  system  (Skatron  SCS),  and  release  of  radioactivity  from  killed 
target  ceils  was  measured  in  i  gamma  scintillation  spectrometer .  Results  are  expressed  as  %  specific 
release  of  radioactivity,  defined  as  100  x  [(jxpcrunaital  cpm  rexcassd  -  spontaneously  released  cpm) 
(maximum  raeasable  com  -  soor.taneoasly  released  cpm)].  at  the  different  effector-to-target  ratios. 
Spontaneous  release  is  measured  m  the  ahsence  of  e’fector  cells,  aivl  maximum  release  is  determined  by 
detergent  lysis  of  the  target  cells.  Fae  activity  of  cytolytic  T  lymphocytes  was  measured  by  a  MLTR- 
CMC  assay.  This  is  a  r-  o-stage  procedure  involving  or  in  viiro  immuniaat  on  step,  followed  by  a  shon- 
term  cytotoxicity  assay  In  the  immunization  phase,  murine  spleen  cells  were  co-cultured  for  five  days 
with  >- irradiated,  allogeneic  P815  cells,  a  murine  mastocytoma  line,  as  stimulators.  The  sumulaied 
spleen  ceils  were  harvested  after  the  five-day  culture,  and  their  cytolytic  a::tjvity  against  P815  cells  was 
measured  in  a  four-hour  ^'Cr'  release  assay.  This  was  assay  is  performed  m  a  fashion  similar  to  the  NK 
as-say  desaibed  above,  excep>  that  ^'CrTabdlec  P815  cells  are  used  as  targets. 


2.  Simian  Models 

a.  Antibody  LLISA 

A  coramercially  producAl  HIV-2  antibody  ELISA  kit  (Genetic  Systems)  has  been  tested  for  use 
for  the  detection  of  SIV  antibodies  with  success.  The  assay  is  run  over  a  3  hour  period  and  inutxxly 
liters  can  be  determined  using  a  kinetic  microplite  reader  (Molecular  Devices)  allowing  for  the  use  of 
one  set  of  duplicate  wells. 

b.  Kt.ISA  Assay  Fai.S.Iv. 

A  commercially  produced  HIV  p2*  ELISA  kit  (Coulter  Electronics)  cross-rcacts  with  SIV  p24. 

c.  Reverse  Transcriptase  Assay  (Simian) 

A  miCToplau  reverse  transcriptase  assay  was  developed.  The  assay  is  suniJar  to  that  previously- 
described  by  Spin  a  a/., (1987).  Test  fluids  are  treated  with  30%  polyethylene  glycol  overnight  in  order 
to  precipitau  Ae  virus.  The  virus  is  pelleted  and  resuspended  in  100  /ri  TNE  buffer  (1  M  Tris,  5  M 
NaQ,  C.l  M  EDTA,  pH  7,2).  After  the  samples  are  mixed  ^or  two  hours,  30  id  of  a  polvmerase 
reaction  mix  (0.0625  M  Tris-HCl,  pH  7.6.  0.125  M  NaCl,  7.5  mM.  MgCL,  0.0125  M  DTT',  5  mM 
oligo  dT|2.||,  0.05  M  poly  (rA),  10%  Triton  X-KX).  0.1562  mCi.'inJ  ’H-dTTP)  is  added  to  10  iil  of  the 
virus  suspension  in  a  microtitcr  plate  and  allowed  to  incubate  for  1  hi.  The  reaction  is  stopped  by  the 
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iddition  of  100  ^  of  10%  TCA  The  pl»tes  »re  harvested  onto  glass  fiJteri  miag  a  Skairoc  harvesiing 
^ysteci  and  xtrntod  using  a  s;imilla:ioD  coucicr. 

d.  YjuUalaibin 

Srv  is  recovered  from  infected  monkeys  using  a  co-cultiviuoo  procedure.  Fre«h  monkey 
peripheral  blood  leukocytes  are  collected  with  ficol-hypaque  and  srirmilatfd  with  a  maximal  stirruilating 
dose  of  phytohemagglutin-p  (5  ug/ntl)  in  RPMI  1640  contatning  10%  FBS.  The  cells  are  incubated 
ovemigl.t,  washed  and  placed  on  10%  interleukin-2.  The  cell  concentration  is  fixed  at  3  r  10*  per  ml 
and  3  x  10*/ml  phytohemagglutir.  stimulated  human  peripheral  biood  leukocytes  ire  added.  The  cultures 
are  incubated  for  28  days  and  sampled  weekly  for  RT  activity  with  weekly  feeding  with  fresh  human 
peripheral  blood  leukocytes  and  a  50%  media  rirdacement. 

e.  Infection  Of  Rhaus  Macaques  NVith  SlVsmmZpbt 

Two  macaques  ientivirus  isolates  fSIVmne  and  SrVsmm/pbj)  were  chosen  for  SFV  model 
development  in  Rhesus  macaques.  These  isolates  are  similar  in  struciun,  but  differ  substantially  in 
disease  pathogenesis.  The  isolate  developed  is  named  SIVsmm.^pbj,  which  causes  death  in  pigtailed 
macaques  within  two  weeks.  The  variant  of  SPV  (strain  SMM/'PBj),  isolated  from  a  chronically  infected 
pigtaiied  macaque  at  the  Yerkes  Primate  Research  Center,  in  previous  studies  produced  acutely  fatal 
disease  m  pigtail  macaques  Six  rhesus  monkeys  (three  juveniles  plus  three  adults)  were  inoculated  fV 
with  supemate  fluid  containing  3  TCIDy,  from  human  peripheral  blood  lymphocyte  cultures  co-cultivaied 
With  spleen  cells  from  the  original  pigtail  macaque  (PBj’i  Five  of  six  seroconverted  (Table  2),  but  only 
one  rhesus  monkey  (a  juvenile,  #4EN')  died  (Day  10).  Homogenized  tissues  from  4EN  were  passaged 
to  additional  monkeys  in  an  taempt  to  increase  lethality.  One  of  the  remaining  juveniles  developed 
diarrhea  a:  Day  10,  but  recovered.  Virus  was  recovered  from  all  six  monkeys  on  at  least  one  occasion 
by  co-cultivation  of  their  lymphocytes  with  rsormal  human  peripheral  blood  leukocytes  (?BL)  (Table  3). 
In  a  second  passage  of  the  PBj  isolate  using  4EN  derived  tissue  bomogeoaies  acute  disease;  four  died 
(Days  8  -  10),  one  recovered  (following  rehydratioo),  and  one  remained  asymptomatic.  All  six 
seroconverted  (Table  2)  and  had  recoverable  virus  (Table  3)  To  date  no  adults  (three  of  three)  have 
developed  acute  disease,  although  two  of  three  seroconverted  and  one  of  these  has  remained  viremic 
(Table  3). 

Clinical  disease  is  charaoenzed  by  diffuse,  severe  lymphadenopathy  within  5  day*  of  inoculation 
and  severe  diarrhea  beguuuns  1  to  3  days  before  death.  Anorexia,  lymphopenia  (<  lOOO/mm)  and  mild 
bypoalbuminemia  preceded  onset  of  diarrhea  by  24  hours,  while  all  other  hematology  and  dinjcaJ 
chemistry  parametu.'s  remained  within  normal  limits.  Aerobic  and  anaerobic  biood  cultures  were 
negative,  and  there  was  no  evidence  of  opportunistic  viral  or  bacterial  ageoo  in  GI  or  lymphoid  tissues 
by  light  or  electron  microscopy  or  m  feces  by  oilture,  ELISA,  or  electron  microscopy.  Necropsy 
revealed  2-  to  10-fold  increases  m  all  lymphoid  tissues;  most  severely  iffeemd  were  spleen,  mesenteric 
lymph  nodes,  and  gut -associated  lymphoid  tissues  Histologically  lymphoid  tissue  is  hyperplastic 
predominantly  in  T-cell  dependent  areas  due  to  increased  numbers  of  lyn^ihocytes,  histiocytes  and 
reticular  cells.  Occasional  mulumdeaied  giant  ceils  are  present  m  the  gut  associated  lymphoid  tissues. 
In  die  gastrointesunal  traa  there  was  no  gross  or  microscopic  evidence  of  ulceration  or  erosion. 
Howevei,  diere  was  severe  multifocal  to  patchy  villus  blunting  and  fusion  with  crypt  hyperplasia  in  the 
small  intestine,  and  disorganization  of  mucosal  epithelial  structure  in  the  colon.  The  cause  of  oeatb 
appears  to  be  untreatable  GI  fuid  loss  and  acicosis. 
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Antibody  Trters  for  SFVpbj  Infected  Monkeys 


I 


Days 

Post  _ Monkey  Number 


Infection 

Adults 

Juvaiiles 

Controls 

Group  1 

112X 

107X  LA26 

Ha 

iSL 

0 

0.9* 

1.3 

0.9 

1.3 

1.0 

0.6 

0,6 

0.6 

0.5 

7 

0,9 

0.8 

0.9 

1.0 

0.5 

0.6 

0.5 

0.6 

14 

0.9 

0.6 

1.0 

0.6 

0.8 

0.5 

0.5 

0.6 

21 

1,1 

0.4 

1.1 

4.8 

3  6 

0.5 

4.9 

0.8 

35 

7.6 

1.0 

5.1 

10.9 

6  9 

0.5 

0.6 

0.9 

67 

9.2 

2.8 

15.6 

14.4 

9.2 

0.6 

0.7 

0.8 

80 

9,9 

2.2 

14.5 

13.0 

10.1 

1.1 

1.1 

0.9 

94 

4.2 

2.3 

17.0 

14.2 

12.8 

0.8 

0.8 

0.8 

178 

18.3 

15  4 

46A 

i£L 

-11 

0.3 

0.3 

0.2 

4 

0.4 

0.4 

0.3 

7 

0  5 

0.5 

0.3 

10 

0.5 

18 

1.8 

44 

9.3 

129 

23.0 

Group  3 

im 

1Q7X 

LA26 

aif 

11.9 

1.6 

>9.3 

1.0 

0.3 

0.6 

3 

13.0 

1,7 

22,1 

0.6 

0.3 

0.3 

10 

13.5 

1.9 

19.8 

1.4 

0  4 

0.8 

17 

13,5 

2.1 

20,7 

3.2 

0,9 

30 

15.3 

1.6 

26,3 

8.0 

49 

14,2 

1.2 

28.3 

8.7 

‘  mllliOD/min  on  a  kinetic  read 
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TilbV  < 

VtiiM  koUidor  by  CocuHiVtilion  With  IlL^man  Pb[ 


Falcoii  6-wdI  tissue  culture  plates  are  seeded  with  1.7S  x  IQ^  SC-1  cells  m  2  S  ml  Eagle’s 
minimum  essential  medium  supplemented  with  S%  heat-inactivated  FBS,  100  u.'ml  penicillin,  and  100 
Mg^ml  streptoraycin.  On  the  following  day  the  medium  is  aspirated  and  the  cultures  are  pretreated  widi 
DEAE-dexiran  (25  jig/ml  in  TBS)  for  1  hour  at  37  °C.  The  DEAE-dextran  is  removed  and  the  cultures 
are  rinsed  with  PBS.  Duplicate  cultures  are  then  inoculated  with  0.5  ml  of  the  appropriate  dilution  of 
serum  The  inoculum  is  adsorbed  for  1  hour,  removed,  and  iheit  the  cultures  are  rinsed  with  PBS  The 
cultures  are  then  rcfed  with  2.5  ml  medium. 

On  Day  3  post-virus  iooculation.  the  medium  is  aspirated  and  cuiturts  are  irradiated  with  a  UV 
germicidal  lamp  for  20  seconds  at  a  distance  of  27.6  cm.  Immediately  after  irradiation,  5x10^  XC  cells 
are  added  in  2.5  ml  Eagle's  minimum  essential  medium  lOV:  TBS. 

On  Day  3  post-U  V-irracliaiion,  the  culturm  are  fixed  with  formslin  and  stained  with  0. 1  %  crystal 
violet.  The  plaques  are  counted  with  the  aid  of  a  dissection  microscope.  The  average  PFU  per  ml  is 
calculaed  by  multiplying  the  average  PFU  x  2  since  the  inoculum  used  is  0.5  ml. 


2.  Rc’-ifsi  Transiiricuat  (.Hurioc) 

The  optimum  conditions  for  the  assay  of  reverse  transcriptase  from  Rausclier  MuLV  were  worked 
out  using  Rauscher  MuLV  pelleted  from  cdl-free  culture  medium.  No  Rauscher  SFFV  was  present  in 
the  samples  used  for  developmental  work.  The  reverse  transcripuse  was  extracted  from  the  virus  pellet 
by  incubation  with  buffer  containing  0.1%  Triton  X-lOO  and  200  mM  KCl.  The  addition  of  the  divalent 
cation  Me*’*'  gave  maximum  earyme  activity  in  the  range  between  0.+  and  0.8  mM.  KCl  stimulated  the 
enzyme  aaivity  up  to  about  150  mM,  but  was  inhibitory  at  220  mM.  The  pH  optimum  was  determined 
to  be  around  7.8.  Tue  K„  for  the  iemplate«priroer,  poly(rA)*poly(dT)i;.i|,  was  4  /ig/ml  and  for  the 
substrate,  dTTP,  it  was  70  >iM. 

The  preendmg  information  was  used  to  establish  a  procedure  for  the  assay  of  reverse  transaiptase 
m  sera  infected  with  Rauscher  MuLV  SFFV,  Mouse  sera  are  stored  frozen  (-70  'C)  and  may  either  be 
thawed  before  begiiming  the  procedure,  or  if  the  volume  in  the  aliquot  is  known  they  may  be  thawed 
during  the  lysing  procedure. 

a.  An  equal  volume  of  the  following  buffer  is  added  to  the  mouse  serum  in  i  capped  cube: 
40  mM  Tris-HCl  (pH  7.8)  conuimng  C.2%  Triton  X-100,  20  mM  ^-mercaptoethanol, 
6  mM  leupeptm,  400  mM  KCl,  and  2  mM  EDTA.  This  mixture  may  be  left  at  room 
temperature  until  the  sera  has  ftuwed. 

b.  Keep  on  ice  for  30  minutes  after  thawing;  invert  once  or  twice  during  this  period  to 
ensure  adequate  mixing 

c.  Either  assay  sample  for  reverse  transcriptase  activity  immediately  or  store  at  4  *C  until 
needed  for  assay. 
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d.  Ten  fj  of  the  lyute  (Step  c)  it  inoibated  for  30  minutes  at  37  *C  in  a  50  reaofon 
containinj  1.25  mS  of  poly(rA)«p(dT)|2.||,  200  dTTP  (400  >iCi  of  ^H/>iroole  of 
dTTP),  8  mM  ^-mercaptoethanol,  120  mM  KCI,  0.6  tnM  MuClj,  0. 10  mM  EDTA,  0.6 
>iM  leupeptin,  and  0.02%  Triton  X-lOO  in  80  mM  Tris-HCl  (pH  7.8).  The  linear  range 
of  the  assay  is  1  to  100  piconvoles  of  dTTP  incorporated  in  the  30-minute  incubation 

A  un'f  f  activity  is  defined  in  terms  of  the  number  of  picomoles  of  substrate  incorporated  in  1 
hour  by  1  ml  of  sera. 
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During  this  reporting  period  (January  4,  1988  •  April  30,  1991)  we  received  4481  compourtds 
to  be  tested  in  the  HIV  primary  screen  Cumulative  primary  screening  aaivity  has  been  summarized  in 
Table  4.  This  Table  denotes  the  number  of  compounds  for  which  we  have  at  least  one  satisfactory  test 
(ATH8,  MT-2  or  CEM  cells)  against  HIV-1.  From  January  1,  1990  until  September  1,  1990,  all 
submiaed  compounds  were  tested  against  VTT-Z  cells  infected  with  the  Illg  isolate  of  HIV-1 .  Follow-up 
testing  included  assays  on  CEM  cells  infected  with  HlV-l^f.  For  the  remaining  4  months  of  1990,  all 
compound  were  routinely  tested  on  both  CEM  aitd  MT-2  cells  infected  with  the  RF  isolate  of  HlV-1, 
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Tkbie  4 

In  Vitro  Aotiviri]  Primary  Screen:  Number  of  Ccmpouads  Received  and 
Tested  According  lo  Shipment  Numbers  as  of  April  30,  1991 


iUupaieat 

Numhrr 

Coopouadf 
net  ShjDmenl 

D«e 

Received 

HIV 

9 

16 

09/12/86 

16 

n 

38 

10/17;86 

38 

12 

7 

11/03-04/86 

7 

13 

40 

11/13/16 

40 

15 

26 

12/05/86 

26 

16 

12/12/86 

32 

17 

3. 

01/13/87 

31 

18 

30 

01/30/87 

30 

19 

101 

03/02/87 

101 

20 

71 

03/18/87 

71 

21 

85 

04/14/87 

76 

22 

89 

05/05/87 

85 

23 

4 

05/08/87 

4 

24 

7 

06/03/87 

6 

25 

9 

06/12'87 

8 

26 

67 

06/26/87 

67 

2^ 

46 

07/21/87 

46 

28 

12 

08/10/87 

12 

29 

6 

08/19/87 

6 

30 

134 

09/03/87 

120 

31 

110 

09/11/87 

106 

32 

130 

10/09/87 

:o3 

33 

69 

U/03/87 

69 

34 

46 

11/25/87 

46 

33 

80 

12/22/87 

78 

36 

*9 

01/29/88 

49 

37 

47 

03/09/88 

47 

38 

2 

03/15/88 

2 

39 

76 

03/23/88 

76 

40 

88 

04,/26/88 

88 

41 

78 

05/13/88 

75 

42 

85 

06/14/88 

49 

43 

84 

07/08/88 

46 

44 

56 

08/10/88 

56 

45 

83 

09/13/88 

82 

46 

75 

10/06/88 

73 

47 

1 

10/20/81 

1 

48 

33 

11/02/88 

33 

51 

12 

01/10/89 

12 

52 

5 

02/09/89 

5 

53 

84 

03/15/89 

44 

54 

30 

04/19/89 

28* 

56 

117 

05/1289 

111* 

57 

67 

06/07/89 

60* 

51 

91 

07/13/89 

79* 

59 

34 

Ot/11/19 

30* 

60 

46 

09/07/89 

46 

61 

S3 

10A36/89 

83 

£2 

158 

11/21/89 

140* 

63 

129 

02A)7/50 

129 

» 
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ShipeMsi 

Coopouadi 

Date 

NuffiNtr 

•ahmnvml 

HTV 

64 

9 

02/27/90 

9 

63 

103 

03/16/90 

88* 

66 

153 

04/10/90 

139* 

67 

90 

ftS/Od./^ 

90 

68 

145 

05/30/90 

143* 

69 

159 

06/27/90 

159 

70 

156 

06/29/90 

156 

7i 

4 

07'18/90 

3* 

72 

122 

08/03/90 

122 

73 

142 

09/11/90 

133* 

74 

166 

10/04/90 

135* 

75 

142 

10, 75/90 

139* 

76 

317 

12A)6/90 

314* 

lA*’ 

15 

01/17/88 

IS 

2A 

1 

02/23/88 

1 

3A 

6 

06/23/88 

6 

4A 

19 

08.76/88 

19 

5A 

1 

09/13/88 

1 

6A 

1 

iO/06/88 

1 

7A 

12/20/88 

2 

SA 

15 

1779/88 

15 

9A 

17 

02.78/89 

17 

lOA 

9 

03/02/89 

8 

llA 

8 

03/72/89 

8 

12a 

1 

05/10/89 

1 

13A 

4 

10,13/89 

4 

14A 

15 

17'0l/89;01/<H/90 

14* 

ISA 

4 

02/04, 90 

2* 

16A 

6 

02/27/90 

6 

17A 

2 

03/07.90 

2 

18A 

4 

04,'0990 

4 

19A 

70 

07/30/90; 04/09/90 

51* 

20A 

324 

09/1790 

324 

21A 

2 

09/14.90 

2 

22A 

203 

0971/90 

203 

23A 

1 

0977/90 

1 

24A 

S 

11/09/90;  11/19/90 

8 

2SA 

3 

12/1790 

3 

26A 

3 

127090 

3 

27A 

416 

127190 

416 

CumuUtiTc  Total 

r€7 

5474 

a  =  Supply  of  compound  wai  insufficieni  for  testing  tiw  ronaining  compounds  in  this  shipment. 


b  ••  Shipment  numbers  with  "A"  code  were  received  through  the  NCDDG  program  from  Dr.  Michael 
Chirigos. 

Note:  Compoundi  received  prior  to  this  contran  period  (i.e.  1/4/88  -  4/'30/91)  were  tested  on  the  AIDS 
ADD-ON  Contract  (Contraa  No.  DAMD17-86-0C-6013). 
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MTT  AsMy:  E>uTmx  this  contraa  period  we  performed  jpproxinmciy  iO.dOO  dose  response  test  versus 
HIV-1  using  ATH8,  MT-2  or  CEM  cells.  Approximately  10*  of  these  tem  were  positive  control  (AZT 
and/or  ddC)  asuys.  A  cumulative  summary  of  all  HIV  testing  (i.e..  total  experience  through  April  30, 
1991)  is  included  in  Appendix  A.  Numerous  comoounds  exhibited  significant  antiviral  cfflcacv  against 
Hrv  in  ATH8,  MT  -2  or  CEM  cells  during  this  contract  period  (See  Appendix  B).  The  most  active 
compounds  (i.e.  confirmed  activity  with  Selectivity  Index  (SI)  of  ^lOj  are  listed  in  Table  5 

During  our  overall  experience  cf  testing  AVS  compounds  against  HP/,  several  drugs  have  shown 
activity  in  one  of  the  primary  screens  and  were  retested  to  confirm  the  initial  positive  results.  These 
confirmed  aaive  compounds  are  lusted  in  Appendix  C.  This  list  includes  compounds  from  1987,  1988, 
1989.  1990  and  1991  testing 
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mie  5  (Coat’d) 


- 1 

AVS 

Activity 

1 

AVS 

1 - 

Artivitjr 

AVS 

No. 

Ratinj; 

No. 

lUt'n* 

No. 

6511 

3 

7975 

2 

8366 

6512 

3 

7976  1 

4 

8375 

Compounds  included  in  this  table  hive  s  Selectivity  Index  of  ^  10. 


Two  poiiitive  cofitroJ  drvgs  ddC  and  AZT  were  tested  in  parallel  with  each  assay.  ddC  and  aZT 
were  tested  at  si*  concentration's  per  plate.  The  quality  of  the  assay  was  determined  by  die  activity 
displayed  by  the  positive  control  drugs  If  the  positive  control  drug  was  not  active  (i.e  at  least  50%  CPE 
inhibition  observed)  in  a  given  experiment,  then  the  entire  test  was  considered  unsatisfactory  and  all 
compounds  tested  in  parallel  with  this  positive  control  drug  were  repealed.  Typical  results  of  the  positive 
conuol  drugs  tested  during  this  report  period  are  listed  in  Tables  6,  7,  8  and  9.  Results  of  these  positive 
control  drugs  obtained  during  the  aiurse  of  this  contraa  (i.e  total  experience)  are  listed  chronologically 
in  Appendix  A. 

Table  6 


Summary  of  Concurrent  Positive  Control  Results  for  Dideoxycytidine 
(ddC,  AVS-2639)  Versus  HIV  in  CEM  Cells  (MTT  Assay) 


AVS 

Pit  Call 

Taat 

Diff- 

Ho. 

#  tin* 

Oata 

rntl . 

IC  50 

TC  25 

SI 

TAI 

2639 

OAY  CEH 

03/28/89 

1.361  < 

0.03 

0.83  > 

25.90 

> 

14.89 

2639 

ICS  CEH 

03/21/90 

1.4V8 

0.05 

0.47 

10.14 

> 

30.02 

2639 

1K8  CEM 

04/26/90 

0  700  < 

0.03 

0.25  > 

7.85 

> 

32.76 

2639 

26 J  CEH 

08/29/90 

0.771 

0.06 

0.69 

11.76 

> 

18 . 38 

2639 

2WX  CEH 

11/06/90 

0.776 

!  .02 

1.33 

57 . 19 

28.97 

2639 

3rM  CEM 

12/20/90 

1.182 

C  .02 

0.86 

54.82 

33.92 

2639 

47H  CEH 

01/29/91 

0.813 

0 .  j02 

0.08 

36.90 

33. 12 

2639 

4A:  CEM 

02/06/91 

0.988 

0.  ■03 

0.  18 

66.16 

33.52 

Table  7 


Summary  of  Concurrent  Positive  Control  Results  for  Dideoxycytidine 
(ddC,  AVS-2(S39)  Versus  HIV  in  Nrr-2  Cells  (MTT  Assay) 


.XVS 

Pit  Call 

Taat 

Diff- 

NO. 

t  Lina 

Data 

rntl . 

IC  so 

TC  2  5 

SI 

TAI 

2639 

23V  KT2 

08/23/90 

1.193 

0.47 

9.50 

20.30 

> 

52 . 65 

2639 

290  KT2 

09/05/90 

1.313 

0.14  > 

10.00  > 

69.32 

> 

68.80 

2639 

2AF  KT2 

09/13/90 

1.114 

0.57  > 

10.00  > 

17.54 

> 

46 . 53 

2639 

204  MT2 

10/23/90 

0.952 

C.05 

4.94 

93.50 

> 

66.  19 

2639 

3ED  HT2 

12/12/90 

0.920 

0.05 

4.  55 

99 . 52 

> 

72 . 00 

2639 

3ZO  trr2 

01/23/91 

1.318 

0.13 

2 . 04 

15.36 

> 

42.65 

2639 

481  KT2 

01/31/91 

1.465 

0.09 

1 . 90 

20.81 

43 . 62 

2639 

4DL  MT2 

02/22/91 

1.325 

0.15 

9,74 

63,71 

> 

69.09 
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Sunurury  of  Concurraa  Positive  Control  R.  sJts  for  AZT  (AVS-1603) 
Versus  HfV  in  CEM  Celk  (MTT  Assay) 


AVS 

Pit  cell 

Te«t 

Dlff- 

No. 

t  Line 

Date 

rntl . 

IC  50 

TC  25 

SI 

TAI 

1603 

2:3  CEM 

11/07/90 

1.074 

0.002 

> 

1.00 

> 

489.39 

> 

49.60 

1603 

JDT  CEN 

12/12/90 

1.286 

0.0009 

> 

1.00 

> 

1094.5 

> 

51.90 

1603 

3ES  CEM 

12/13/90 

1.299 

0.0007 

> 

1.00 

> 

1514.7 

> 

48.30 

1603 

3HC  CEM 

01/04/91 

1.32S 

0.0005 

> 

1.00 

> 

1985. 5 

> 

56.60 

1603 

3L7  CEM 

01/11/91 

0.66S 

0.0002 

> 

1-00 

> 

5436.2 

> 

76.20 

1603 

3NP  CEM 

01/18,  91 

0.9S8 

0.0005 

> 

1.00 

> 

1975.9 

> 

53.87 

1603 

439  CEM 

01/22/91 

0.762 

0.0006 

> 

1.00 

> 

1747.5 

> 

55.16 

1603 

3HD  CEM 

01/24/91 

o.eae 

0.0005 

> 

1.00 

> 

211B.fi 

> 

65.50 

1603 

3rQ  CEM 

01/2S/91 

1.36a 

0.002 

> 

1.00 

> 

409.49 

> 

41.09 

1603 

4CM  CEM 

02/20/91 

0.7  6a 

0.0007 

> 

1.00 

> 

1420.fi 

> 

48.46 

Table  9 


Summary  of  Concurrent  Positive  Control  Results  for  AZT  (AVS-1603) 
Versus  HIV  in  MT-2  Cells  (MTT  Assay) 


AVS 

Pit 

Cell 

Teit 

Diff- 

No. 

* 

Line 

Oete 

rntl . 

IC  50 

TC  25 

SI 

TAI 

1603 

0!t6 

KT2 

08/08/89 

1.227  < 

0.03 

> 

10.00 

> 

312.50 

> 

83.13 

1603 

OQP 

MT2 

08/09/89 

1.094 

0.05 

> 

10.00 

> 

207.09 

> 

81.65 

1603 

lOF 

MT2 

10/26/89 

1.275 

0.10 

> 

10.00 

> 

102.96 

> 

69.10 

16C3 

14C 

HT2 

12/05/89 

1.366 

0.13 

> 

10.00 

> 

75.30 

> 

67.54 

1603 

14L 

MT2 

12/07/89 

1.092  < 

0.03 

> 

10.00 

> 

312.50 

> 

96.33 

1603 

ISE 

MT2 

12/20/89 

1.309 

0.06 

> 

10.00 

> 

160.24 

> 

82.94 

1603 

18N 

MT2 

02/01/90 

1.234 

0.05 

> 

10.00 

> 

184. 12 

> 

86.74 

1603 

IDS 

MT2 

03/01/90 

1.004 

0.05 

> 

10.00 

> 

195.02 

> 

86.34 

1603 

IDA 

MT2 

03/02/90 

1.323 

0.03 

> 

10.00 

> 

393.18 

> 

54.83 

1603 

irc 

MT2 

03/15/90 

1.136 

0.13 

> 

10.00 

> 

74.77 

> 

7,  ,  83 

i 
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Five  contpounds  received  eviluation  in  secondary  screening  assays  u  SRJ  during  1990.  These 
compounds  included  AVS  7891  and  AVS  8520  as  well  as  AV3  9466  (AM  242).  >VS  9464  (AM  612) 
aiul  AVS  9465  (AM  619)  AVS  7891  and  AVS  8520,  derivates  of  TIBO,  were  evaluawd  igainu  a  panel 
of  HIV-1  and  HIV-2  isolates,  were  evaluated  in  syncytial  and  chronic  infection  assays,  artd  were 
evaluated  in  time  of  addition  and  variable  MOI  assays  (sec  Experimental  Methods,  Section  !j.  The  results 
of  these  assays  were  accepted  for  publication  in  Arttiviral  Research  in  April,  1991 .  These  data  were  also 
presented  in  Abstracts  presented  at  Grenelefe,  FL  (HIV  Disease:  Pathogenesis  and  Therapy),  and  New 
Orleans,  LA  (The  Fourth  International  Conference  on  Antiviral  Research).  We  determined  in  the 
peiFonmance  of  these  assays  that  the  TIBO  compounds  exhibited  potent  aaivity  in  \nro  against  HIV-l 
but  were  lOtally  inactive  against  isolates  of  HIV-2  (Table  10).  In  experiments  examining  the  effea  of 
oelayed  addition  of  the  TIBO  compounds  (Figwe  3),  their  aaivity  paralleled  that  observed  for  A7.T, 
consistent  witli  their  presumed  mech«nisn]  of  aaion.  The  TIBO  compounds  also  exhibited  activity  similar 
to  that  observed  for  AZT  in  assays  in  which  the  multiplicity  of  infection  was  altered  (Figure  4).  W'e  have 
also:  observed  a  reduction  in  syncytium  formation  when  the  TIBO  compouisds  were  incubated  with 
chronically  infected  and  uninfected  CEM  cells  in  short  term  (24  hours)  cocultivation  assays  (Figure  S). 

Table  10 

Inhibition  of  HIV-1  Infectivity  and  Productivity  by  R82913 

- LCso-ltiMi - 

_ Isolate _ liiEECnviIl! _ Productivity^ 


ED 

0.(X)9 

0.060 

SKI 

0.034 

0.031 

RF 

0.043 

0.009 

M;K 

0.064 

0,078 

HTLY-nio 

0.067 

0.051 

MS 

0.124 

0,092 

LAV 

0.148 

0.149 

214 

0.161 

0.0u8 

KELL 

0.183 

0  143 

G 

0.188 

0.075 

205 

0.205 

0.065 

C 

0.222 

0.095 

PM16 

0.652 

0.161 

^rV'‘ROD 

>310 

>310 

‘Infectivity  IS  measured  by  MTT  quantitation  of  cytopathic  effects  ui  culture. 
^Productivity  is  measured  by  reverse  transcriptase  assay  of  cell  free  supemaLant  samples 


The  AM  compoursds  were  the  subjea  of  a  poster  presented  at  the  Symposium  of  Antivirals, 
Vaccines,  and  Immunotherapy  of  HIV  Infection.  St  Petersburg  Beach,  FL.  in  May  1991.  Two  of  these 
compounds,  which  are  polysaccharides,  are  highly  active  against  HIV  l  with  toxicity  observed  at  higher 
concentrations  The  third  compound  fAM669)  has  a  great  deal  of  toxicity  when  tested  in  CEM  und  MT2 
cells.  The  activity  of  these  compounds  was  detected  near  the  end  of  the  funding  per'^xl  of  this  Contract 
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ug  Additiork  to  HIV-Infected 
AnliviraS  Activity  (XTT) 


Southern  ReaMych  InMituU 


EKecI  of  Mutllplicity  of  Infection  on 
Antiviral  Activity  in  CEM  Celis  (XTT) 


CEM  Mils  were  chronically  infected  witfa  either  HIV-l^,  (•tod  A)  or  HIV-l^(O).  The  effect  of  AZT 
on  CEM-RF  is  shown  for  compirisoo  (d). 


Syncytium  Reduction  Activity  of  R82913 
Figure  5 
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2.  l-eLV-FAtDS  Vari^t 

Sdectod  compounds  were  requested  to  be  tested  against  the  FeLV.  VVS  206,  AVS  999  and  AVS 
2708  exhibited  aaivity  superior  to  the  positive  corurol,  ddC  with  Tl's  of  13,  12  and  78,  respectively. 
Dideoxycytidine  (ddC)  was  tested  in  parallel  as  the  positive  control  drug.  These  data  are  summarized 
in  Table  11. 

FAIDS  assays  were  done  in  FglC  cells.  An  active  compound  is  defined  here  as  having  a  (TI) 
of  greater  than  10  and  a  VR  of  1 .0  or  greater.  The  VR  is  a  measurement  of  seleaive  antiviral  activiry 
which  takes  into  account  the  degree  of  inhibition  of  virus-induced  CPE  and  the  degree  of  cytotoxicity 
produced  by  the  test  compound,  determined  by  a  nsodification  of  the  method  of  Ehrlich  et  al.,  (1965). 
The  drug  concentration  which  reduced  the  CPE  by  50*  (50*  inhibitory  dose,  MIC50)  was  calculated 
using  a  regression  analysis  program  for  semilog  curve  fitting  and  is  shown  here  in  units  of  ^g/ml.  The 
Tl  is  calculated  by  dividing  the  MTC50  by  the  MIC50. 
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Tabit  II 

Compounds  Tested  Against  FAIDS  Viriani  (FeLV) 


A  VS  Ng 

VE 

MICjo 

Igg'mil 

MTC« 

(iig'ml) 

n 

0206 

3.0 

25 

320 

13 

0215 

1.6 

21 

32 

1.6 

0222 

1.6 

48 

32 

0.7 

0999 

2.4 

8.1 

100 

12 

22  SO 

1.2 

240 

>320 

>1.3 

2291 

2.2 

9.7 

100 

10 

2397 

1.8 

51 

100 

2.0 

2445 

1.9 

46 

32 

0.7 

2448 

1.2 

- 

320 

- 

2563 

0.6 

- 

3.2 

- 

2574 

1.3 

29 

32 

1.1 

2585 

1.6 

12 

32 

2,7 

2587 

1.7 

12 

32 

2,6 

2657 

1.4 

17 

<100 

5,9 

2708 

4.7 

1.3 

100 

78 

2748 

0.2 

- 

0.32 

- 

5010 

1.1 

171 

100 

0,6 

5011 

1.2 

- 

100 

- 

5013 

0,6 

- 

320 

• 

5014 

0.3 

- 

lOO 

- 

5015 

0.2 

- 

100 

- 

5016 

0.5 

294 

100 

0,3 

5017 

0.2 

- 

100 

- 

Posinve  Control  Dru£  (Tvcical  Results) 


2639(ddC) 

2.7 

1.0 

10 

10 

2.7 

0.6 

3  3 

5 

§  • 


3.  SAIDS 

Selected  compounds  were  requested  to  be  tested  igainst  tbe  Simiin  Retrovirus  2  (SRV2). 
Eighteen  of  the  24  compounds  showed  some  antiviral  activity  AVS-2576,  2996  and  2629  demonstrated 
significant  anti-HI\’  activity  with  TI’s  of  635,  S2  and  61.  respectively.  Dideotycytidine  (ddC)  was  tested 
in  parallel  as  the  positive  control  and  produced  a  mean  T1  of  7]  (based  on  4  tests).  These  data  are 
summarized  m  Table  12. 
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Table  12 

Compounds  Tested  Afsinst  SAIDS  (SRV^) 


A  VS  No. 

Shioment 

MICjo 

ius/mli 

MTCjq 

E 

5019 

4A 

100 

>320 

>3.2 

5020 

4A 

179 

>320 

>  1.8 

5010 

4A 

— 

>320 

- 

5011 

4A 

— 

>320 

- 

5016 

4A 

— 

>320 

- 

5017 

4A 

— 

>320 

- 

5018 

4A 

— 

>320 

- 

5021 

4A 

— 

320 

- 

2285 

10.2 

>320 

>31 

2576 

19 

0.5 

>320 

>535 

2996 

27 

3  9 

>320 

>82 

2629 

19 

1.6 

<100 

61 

0206 

9 

9.1 

>320 

>35 

2708 

22 

10 

>320 

>32 

2358 

15 

3.8 

<  100 

27 

2397 

16 

13.6 

>320 

>24 

2397'’ 

16 

84.6 

>320 

>4 

2574 

19 

14.7 

>320 

>22 

2657 

21 

14.9 

>320 

>21 

2445 

18 

4.8 

<  100 

21 

2393 

16 

20.2 

>320 

>  16 

2353 

11 

27.6 

:>  320 

>  12 

2448 

18 

149.0 

>320 

>2 

2340 

13 

320.0 

>320 

>  1 

Positive  Control  Dau: 

2639  (ddC) 

3.4 

>10 

>3 

0.2 

>10 

>60 

0.1 

>10 

>  181 

0.3 

>1C 

>39 

4.  Murine  Leukemia  Viris  fRauschet') 

Four  compounds  wiiich  dononso^od  significam  ictiviry  in  the  primary  screen  were  tested 
against  Rauscher  murine  leukeniu  virus  m  varo.  Dideoxycytidioe  (ddC,  AVS-2639)  was  used  as  a 
positive  control  drug.  The  dau  is  summarized  m  Table  13.  AVS-1801  with  an  MlCyj  <  I  .O  and 
a  TI  >  320  appeared  to  be  more  active  than  the  positive  control  drug  which  had  an  MIC)(;  of  1 .2  /ml 
and  a  T1  >  80.5.  AVS-1801  was  retested  to  confirm  aaivity  The  dose  range  tested  was  increased  by 
2  log,Q  to  insure  that  an  inactive  dose  level  was  tested  ddC  wu  used  as  a  positive  control  drug.  AVS- 
1801  had  an  MICso  of  0.32  Mg-'niJ  and  a  TI  of  >  1000.  This  data  confirms  the  activity  observed  in  the 
first  experiment  m  which  an  MlCj^  of  <1.0  jig-'ml  and  a  Tl  >  320  were  obtained.  The  positive  control 
drug,  ddC,  had  an  MIC^j  of  1.9  ^g/ml  and  a  TI  >53.  No  significant  cytotoxicity  was  observed  with 
either  drug 


Table  13 

Compounds  Tested  Against  Rauscher  Muriae  leukemia  Vtnu  (RMuLV) 


MICjo 

MTCjo 

• 

AYS  Nfl. 

iug/ml) 

lut.'mli 

n 

Date 

ISOl 

<1.0 

>220 

>320 

08/04/89 

ISOl 

0.32 

>320 

>  1000 

12/05/89 

3513 

30.1 

100 

3.3 

08/04/89 

3939 

157.9 

>320 

2.0 

08/04/89 

• 

2353 

2.0 

>100 

>49 

01/12/88 

2639* 

1.2 

>100 

>80.5 

08rtW/89 

2639* 

1.9 

>100 

>53 

12/05/89 

•Positive  Control  (ddC)  • 


» 


» 
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C.  Mcmantsm  of  Aclign 

1.  Hrv-l  Riverse  Tramcriouse  Inhibition  Screen  with  the  Polv(rA)*Did'ri|^  Temolatg 

A  summary  of  ail  compounds  that  inhibited  HIV-1  reverse  transcriptase  when  poly(rA>«p(dT).;  n 
was  the  template  are  given  in  Table  U.  This  is  a  cumulative  tumtnary  since  the  beginning  of  the  project. 
One  hundred  and  seventeen  (1 17)  compounds  were  tested  in  this  assay  for  their  ability  to  inhibit  HlV-l 
reverse  transcriptase.  In  addition  to  the  10  compounds  listed  beJow  which  inhibited  tiie  enayme  by  more 
than  50%  (TD5Q),  there  were  two  other  compouiids  (A VS  5565  and  5566)  which  inhibited  the  enzyme  but 
by  less  than  50% . 

Table  U 

Compounds  Aaive  in  the  HIV-1  Reverse  Transcriptase  Inhibition  Screen 
with  Poly(rA)«p(dT)i;.n  as  the  Template 


AVS 

iiih 

IDjo 

(ug-ml) 

Actlviiv  in  Cell  Culture 

5025 

3 

confirmed  anive 

4732 

22 

inactive 

6286 

65 

inactive 

6287 

85 

active;  one  test 

4075 

89 

confirmed  active 

4287 

100 

inaaive;  one  test 

4730 

iOO 

confirmed  aaive 

4734 

100 

inaaive 

5024 

100 

confirmed  active 

6283* 

0.08  i>l/ral) 

inaaive 

» 


» 


i 


»  • 


‘AVS  6283  is  a  syrup  and  it  is  not  possible  to 
differentiate  effect  of  compound  from  that  of 
solvent 


TTie  enzyme  used  for  this  screen  was  from  a  viral  pcJle*  of  HTLV-IIIB  which  had  been  lysed  by 
Triton  X-100.  The  assay  conditions  were  adjusted  such  that  the  template  and  the  single  deorynucleoiide 
substrate,  thymidine  5'-triphosphate,  were  at  saturating  concentrations  This  assay  which  uses  a  synthetic 
homopolymer  template  would  be  most  efficient  at  measuring  the  ability  of  thymidine  analogs  to  inhibit 
the  polymerization  reaaion.  This  assay  was  replaced  by  the  one  described  below  in  April  of  1990 

2.  HrV'-l  Revgne  Transcricuse  Inhibition  Screen  with  the  Ribosomal  RNA  Tempiaie 

In  April  of  1990  we  staned  using  rlbosomal  RNA  template  in  our  HIV-I  reverse  transcriptase 
inhibition  screen  instead  of  the  polyir.A:)»pidT)|;_,,  template.  All  compounds  that  were  active  in  the 
assay  when  ribosomaJ  RNA  was  used  as  the  template  are  listed  in  Table  15  To  date  there  have  been 
58  compounds  assessed  in  this  assay.  AVS  6779.  7590,  8524.  8525,  and  ST  704  inhibited  HIV-1  reverse 
transcriptase  by  less  than  50%  at  the  highest  concentratwn  tested 
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Table  15 


Compoundi  Active  in  the  HIV-1  Reverse  Transcriptase  lobibitioo  Screen 
with  RibotomaJ  RNA  as  the  Ten^late 


AVS 

IDso 

liiU 

Cug'mh 

Anivity  in  Cell  Culture 

8520 

0.0007 

confirmed  salve 

7891 

0.003 

confirmed  active 

AM  612 

0.1 

conTirmed  active 

6511 

0.11 

coefumed  active 

6512 

0.14 

confln&cd  active 

AM  669 

0.51 

inactive 

AM  242 

1.2 

oonilnBed  active 

4032 

4.2 

cooilrmed  active 

6510 

4.3 

eooflnsed  aaive 

ST  686 

5.5 

inactive 

4035 

8 

confirmed  aaive 

6505 

18 

minimal  activity;  one  test 

1761 

19 

minimal  activiry;  one  test 

4036 

23 

confirmed  active 

8308 

27 

confirmed  active 

ST  725 

95 

Binunal  activity;  one  test 

The  enzyme  used  for  this  screen  was  frotn  a  strain  of  HIV-l  that  produces  high  extracellular 
levels  of  reverse  transcriptase  (SKI  strain).  The  virus  was  grown  m  CEM  cells,  pelleted,  lysed  with 
Triton  X-100,  and  partUlly  purified  by  affinity  column  chromatography.  The  assay  contains  the 
ribosomal  RNA  template  and  three  of  the  deoxynucleoside  5'-triphosphaea,  dGTP,  dCTP,  aol  dATP, 
at  saturating  concentrations.  The  founh  deox’mucleotide,  thymidine  tripbosphate,  which  contains  the 
radioactive  labei  is  present  at  a  concentration  about  twice  the  value. 

Five  compounds  are  more  active  than  AZT-TP  (ID}<j  of  0.18  (ig/ml)  in  this  assay.  Suramin,  a 
non-deoxynucleotide  reverse  oansaiptase  inhibitor,  bat  an  IDj^^of  17  >uf/ml.  Six  additional  compounds 
would  fall  in  the  aaivity  range  between  AZT-TP  and  suramin.  Nine  of  these  eleven  compounds  showed 
annvuai  activity  in  the  cell  culture  assays.  One  of  th:  inactives,  AM  669,  was  toxic  to  the  cells  st  all 
concentrations  tested.  Since  we  switched  to  the  ribosomal  RNA  template  in  April  there  have  been  a 
higher  pierccntage  of  reverse  transcripuse  inhibitors  as  well  u  a  beoer  correlation  berween  reverse 
transcriptase  inhibiiioa  and  antiviral  activiry  in  cell  culture.  This  could  be  a  result  of  the  new  template 
Of  a  change  in  the  type  of  compounds  being  submitted  for  lesung 

3.  Evaluation  of  the  Reverse  Transcriptases  From  Other  Raroviruses  as  Surrogates 
for  HIV-l 

During  the  early  stages  of  this  program  we  tested  compounds  for  their  ability  to  inhibit  the 
reverse  transcriptase  from  two  other  retroviruses:  avian  myeloblastot Is  virus  (AMV)  and  Moloney  murine 
leukemia  virus  (MuLV).  Early  in  the  AIDS  epidemic,  several  investigators  were  using  the  reverse 
transcriptases  from  these  two  viruses  to  saeea  compounds  ss  potential  anti-HIV  ageou.  These  two 
reverse  transcriptases  were  easily  obtainable  whereas  the  reverse  transcriptase  from  HIV- 1  was  not.  The 
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isiJ)  for  lil  three  viruses  was  similar  and  used  the  po!y{rA)»p(dT),2  ji  lensplate.  This  pan  of  uhe  project 
was  termiaaied  early  in  1990.  Sixty  compounds  were  screened  igauut  the  reverse  transcriptases  from 
both  HlV-1  and  AMV,  twenty-eight  of  those  were  also  tested  again:!  Moloney  MuLV  reverse 
transcriptase.  Five  compounds  (AVS  5025,  4732,  4730,  4734,  and  5024)  that  inhibited  HIV-l  reverse 
transcriptase  were  tried  against  AMV  reverse  transcriptase.  Three  (AVS  4732,  473''-,  and  5024)  did  not 
inhibit  AMV  reverse  transcriptase  AVS  5024  was  the  only  one  of  the  five  HIV-1  reverse  transcriptase 
inhibitors  screened  against  Moloney  MuLV  reverse  transcriptase.  It  was  very  active  with  an  IDj^  of  less 
than  10  Mg-rni.  Of  the  fifts-five  compounds  that  did  not  inhibit  HlV-i  reverse  transcriptase,  eleven 
inhibited  AMV  reverse  transcriptase.  Six  of  these  also  inhibited  the  Moloney  MuLV  reverse 
transcriptase.  Ten  compounds  inhibited  Moloney  MuLV  reverse  traasenpuse  but  failed  to  inhibit  either 
the  HIV-1  oi  AMV  reverse  transcriptases  The  reverse  transcri prases  from  AMV  and  Moloney  MuLV 
can  not  substitute  for  tiie  eruyme  from  HIV-l.  at  least  when  symhetic  homopoiymcr  templates  are  ased 
m  the  assays 

4.  Evaluation  of  Two  TIBQ  Derivatives 

Recently,  a  rwvel  senes  of  .ton-nucleoside  compounds,  derivatives  of  tetrahydro-imidazo[4,5,I- 
jfc][l,4)-beruodLazepiQ-2(lH)-one  and  thione  (TIBO),  have  been  shown  to  have  potent  and  selective 
activity  against  human  immunodeficienc)  virus  type  1  (HIV-l)  m  cel!  culture  Pauwels  er  of.,  (1990). 
The  authors  concluded  that  their  TTBO  derivatives  were  aamg  by  a  ’reverse  transcriptase-associated 
process  "  They  showed  a  statistical  correlation  for  a  series  of  TISO  derivatives  between  the  ICj^  in  cell 
culture  and  Uhe  for  inhibition  of  HIV-l  reverse  transcriptase.  On  ihe  synthetic  homopolymer 
templates,  these  compounds  had  IDjo  vaiues  at  least  50  times  tiiat  of  their  cell  culture  antiviral  activity 
which  raised  questions  about  reverse  transcription  being  the  most  sensitive  target  for  these  xmpounds 
in  VIVO.  RS2513.  (■^)-S-4,5,6,7-reyahydro-9-chioro-5-niethyl-6-(3-methy!-2-butenyl)-imidazol4,5,!- 
jk][  1 .41-beruodiazepiB-2<TH>-thione  (Figure  was  the  most  active  the  TIBO  derivative  described 
by  Pauwels  er  al  We  have  recently  tested  this  TIBO  derivative  in  our  assay  with  the  ribosomal  RNA 
template  and  fouiaj  that  it  has  an  IDjo  (0.002  >ig/ml)  that  is  lower  than  the  ceil  culture  antiviral  50% 
endpoint.  A  second  TIBO  derivative  CR861 83)  has  an  even  lower  IDjo  value  (0.0(X)7  ^gtml;  Table  Ifi'), 
This  IS  4  new  analog  which  was  not  included  in  the  series  studied  by  Pauwels  cf  ai. 

Table  li 

Inhibition  of  HIV-l  Reverse  Transcriptase 
by  AVS  7891  (R82913).  AVS  8520  (R86183)  and  AZT-TP 


IDyj  (>ig/mi) 


Template 

AVS  7S91 

AVS  8520 

AZT-TP 

ribosomal  R.VA 

0  002,  0  004,  0  002 

0  0007 

0  177 

gapped  duplex  DNA 

0  483 

0  016 

0.532 

poly(rAj«prdT),;.n 

2  80.  2.35 

nd 

0.015 
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The  dau  on  R82913  has  been  accepted  for  publication  ;r.  Aniivirsl  Research,  White  et  at.,  (1991) 
To  fa'iliute  comparison  with  the  data  in  this  paper  the  following  daia  has  been  convened  to  jrM  units. 
R82913  was  20-fold  more  potent  than  AZT-TP  in  the  inhibuion  of  HIV- 1  reverse  transcripuse  in  an  as.say 
using  a  natural  template  (ribsisomaJ  RN'A)  that  rriore  accuiatsly  resembles  native  viral  RSA  chan  a 
synthetic  honvipolymer  Vi'ith  this  template,  R82913  irthihited  HIV-!  reverse  lrinscripLa.se  with  an  IDjq 
(0.01  mW)  that  was  equal  to,  or  lower  than,  the  for  this  comp(>und  in  all  of  our  cell  culture  assays 
(0.01  -  0.65  liM).  Vihien  gafiped  duplex  DS’A  was  used  as  the  template.  R829I3  inhibifed  H’V-1  reverse 
transcripuse  with  an  ID^j  of  1 ,3  ;i.bl 

Unlike  nucleoside  anal.'gs,  tfic  mechinism  b>  whiwh  these  no\el  cornpiounds  inhibit  reverse 
transcription  is  not  .mmediateK  iibs  ious.  R829;3  was  rv.n  competitive  with  anv  of  the  deoxynucleotide 
triphosphates,  rxir  did  it  aa  as  a  substrate  for  the  enayme  HIV-1  reverse  iranscrip^e  was  incuoatixj 
with  0,  3,  9,  or  30  wM  RS2913  The  primer  template  used  m  the  reaction  was  a  ^P-iabeied  15  base 
oligomer  annealed  to  a  47  base  template.  Ten  fd  samples  from  each  incubation  were  removed  at  0,  7.5. 
15,  30,  and  60  minutes,  and  the  products  of  the  reaaion  were  separated  from  the  or'gi'ial  primer  by 
electrophoresis  through  a  15%  polyacrylamide  gel  conuining  7  M  urea.  The  position  of  the  ^P-labeJed 
bands  were  determined  b>  autoradiography  ard  then  quantitated  with  a  densitometer  (Figure  7).  As 
expected,  incubation  with  R82913  inhibited  extension  of  the  primci  The  partem  of  products  in  the  TIBO 
conuining  reactions  indicated  that  the  inhibition  was  not  by  competition  with  any  of  the  deoxynucleotides. 
Furciermore,  R82913  inhibited  the  production  of  the  longer  products  more  than  it  did  the  shorter 
products.  Preir.cubatior.  of  R82913  with  the  enzyme  did  not  change  this  result,  suggesting  that  R82913 
did  not  bind  to  the  enzyme  and  prevent  binding  of  the  template. primer. 

Initial  studies  indicate  that  the  compound  was  not  reversibly  competitive  with  either  the  RNA  or 
DN.A  template  Double  reciprocal  plots  for  the  R.SA  template  (Figure  8)  and  the  DNA  template  (Figure 
9)  show  two  dih'erent  patterns  of  inhibition  for  R82913  with  respea  to  the  template  The  R.N'A  templaie 
dau  most  closely  resembltss  an  uncompetitive  type  of  inhibition.  In  three  separate  experiments  K,  values 
of  0.05,  0.07,  and  0.09  tiM  were  obtained.  An  uncompetitive  inhibitor  is  one  which  decreases  the  K„ 
and  V^  to  the  same  extent.  In  contrast,  the  DNA  template  dau  most  closely  resembles  mixed  tspe  of 
inhibition.  The  K,  for  R829i3  is  0.2  jtM.  This  type  of  inhibitor  also  affects  both  the  aiid  V^^^ 
values  but  to  different  degrees.  Both  types  of  inhibition  imply  that  the  enzyme,  template,  and  R82913 
are  bound  together  in  some  type  of  ternary  complex. 

As  expeaed  from  the  lack  of  antiviral  effect  in  cell  culoire  on  HIV-2,  neither  TIBO  derivative 
inhibits  the  reverse  transenptase  from  HIV-2.  Both  compounds  were  tested  at  concentiations  up  to  100 
Mg  rnJ  in  an  assay  with  the  ribosomal  RNA  template.  The  assay  conditions  were  identical  to  those  used 
for  HIV-I  reverse  uansenpuse  and  may  .not  be  optimum  for  the  enzyme  from  HrV-2 
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Effect  of  R82913  on  the  Ability  of 
HIV-I  RT  to  Extend  the  DNA  Chain 


uo!;aj)j93uoc 


Kffect  t»f  R82913  on  the  Ability  of 
HIV  I  RT  to  Extend  the  DNA  Chain 


D. 


Table  17  1  isis  the  agents  which  have  been  entered  into  in  viwa  murine  models  of  retroviral 
disease.  Mice  were  treated  from  day  -1  through  day  13  OP.  Qd)  or  on  other  schedules  for  selected 
agents,  and  they  were  sacrificed  day  14  Spleen  weights  were  recorded,  and  sera  were  collected  for 
quantitation  of  viremia  (by  UV-XC  assay)  arxl  reverse  transcriptase. 


Table  17 


Agents  Entered  into  In  V/wo  Murine  Models  of  Retroviral  Disease 


AVS  OOOl  rRibavirin) 

AVS  0206  (Ribimidine) 

AVS  0598 
AV.S  0999 
AVS  1603  [KZD 
AVS  1759  (M\T-1) 

AVS  1761  (Poly[I.Cl-LC) 

AVS  1767  (AM-3) 

AVS  1790(MVE-1) 

AVS  1'’92  (M'‘E-2) 

AVS  1801 
AVS  1850 

AVS  1968  (CL  246,738  or  acridine 
HCI) 

AVS  2639  (Didecxy  cytidine  iddC)) 
AVS  2145  (Atnpligen) 

AVS  2575  (L,BVW',,04o) 

A  VS  2576  (X<,BVW,,0^) 

AVS  2996 
AVS  3513 
AVS  3939 
AVS  4075 

AVS  45^4/5027  Oniexon) 
aVS  4596  aCP-100) 

.AVS  4730  (Tolyacrylic  acid) 

AVS  4732  (Ascorbate  germanate) 
AVS  5019 
AVS  .5020 

AVS  5025L  (Poly  [nuleic  acid 
anhydride  cvclohexyl  dioxopenel) 
AVS  5048  (purified  0999) 

AVS  5073  (EL5-1) 

AVS  5074  (ELS-2) 

AVS  5418  (B.M  50.06812) 

AVS  5587  (7-thia-8-oxoguanosine) 


AVS  5599  (Diethyl  thiocarbamate  or 
DTIC  or  Immuthiol) 

AVS  5909  (Dideoxy  inosine  (ddl)) 

AVS  6005  (Acenunnan  or  CarrLsyn) 
AVS  6170  (AFT  0080) 

AVS  6171  (AIT  0082) 

AVS  6172  (AIT  0083) 

AVS  6173  (APT  0109) 

AVS  62'8  ('EM  21.1160) 

AVS  6279  (BM  21.1162) 

AVS  6280  (BM  41.209) 

AVS  6281  (BM  41,237) 

AVS  6283  (Virucide-3) 

AVS  6285  (P30  protein) 

AVS  6286  (PhannaService-2) 

AVS  6287  (?hannaService-l) 

AVS  6288  (Spirogermanium) 

AVS  6289  (DDG-1  or  2’-F-ddAraA) 
AVS  6293  (DD’  -92  or  5-F-ddC) 

AVS  6505  (PSK  or  Krestin) 

AVS  6510 
AVS  6511 
AVS  6512 
AVS  6775  (AV-ZIS) 

AVS  6776  rrHF-72) 

AVS  7297  (BBR1957) 

A2T  -  ddl  dtmer 

D4C  (2’,3'-Dideoxydidehydro:y'tidine} 

Soluble  glucan 

AZT  ddC 

A2T  +  Imexon 

AZT  +  MVE-2 

AZT  +  po!y[I,Cl-LC 

MVE-2  indotnethacin 

Ribavirin  +  Imexon 
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Man\  of  thcie  i*cnis  have  shown  some  iniiviril  aeiiviiv.  Anson j  the  most  effective  antiviral 
agent  was  AZT.  whicn  has  served  as  the  positive  control  in  subseejuent  studies.  AZT  reduced 
splenomegaJy  in  the  RMuLV  model  and  virrually  eJimiiuted  viremia  at  a  dose  (fP,  qd)  of  100  mg'lLg 
The  in  viur?  therapeutic  index  of  AJZT  exceeded  5.  Although  Ribavirin  and  AVS  206,  its  amidir.?  analog, 
both  showed  activity  (therapeutic  indices  =  2  !  and  2.5,  respectively!,  neither  completely  inhibited 
splenomegaJy.  However,  hurthei'  studies  strongly  suggested  that  ribavirin  has  even  greater  antiviral 
actAitv  in  vivo  in  the  RMuLV  model  than  AZT,  which  has  served  as  the  positive  control  in  pre-ious 
studies.  Even  more  striking  than  the  prophylactic  antiviral  activity  of  ribavirin  was  the  observation  tha' 
the  antiviral  activity  of  the  drug  did  ncit  diminish  even  when  the  inuaiion  of  treatment  was  delayed  until 
five  days  after  virus  inoculation.  V,'e  have  demv'nstrated  previously  that  virus  production  and  viremia  are 
well  estaniished  by  five  days  after  infection,  so  these  studies  establish  the  therapeutic  eft'icacy  c!  ribavirin 
:n  uiis  model  In  contrast,  AZT  rapidly  lost  ns  antiviral  effect  when  treatment  was  delayed. 

The  two  related  proprietary  compounds,  AVS  2575  and  2576.  produced  m.oderate  activity  at  doses 
approaching  the  level  of  physiological  toxicity.  For  the  BRM  MVE-2  and  M\'E-4,  the  treatment  regimen 
was  cnticai  for  therapeutic  efficacy.  Doses  in  the  lower  range  were  more  effective,  and  prophylactic 
rather  than  therapeutic  administration  was  essential  .for  antiviral  effect.  Combination  regimens  with  AZT 
and  .MVE-2  produced  additive,  but  not  svnergistic  activity. 

l.mexon  also  significantly  reduced  splenomegaly  at  doses  (IP,  qd)  of9<3  mg  kg  or  higher,  whether 
administration  was  begun  one  day  before  or  four  hours  after  virus  inoculation.  Imexon  also  reduced  virus 
tiers,  hu!  not  'o  the  same  extent  as  .AZT  However,  the  combination  oi  AZT  and  Imexon  produced  an 
antagonistic  eftect,  particularly  at  iow  doses  1 10-60  mg. kg.-  of  Imexon.  Sutistical  analysis  using  a  multiple 
■  inea.'"  models  procedure  revealed  that  this  antagonism  was  significant  at  thep^'O.OOOa  level.  Similarly, 
the  combination  of  Ribas  inn  ai’id  Imexon  did  rtot  preduce  any  additional  therapeutic  benetit.  However, 
imexon  by  itself  had  significant  theiapeutic  activity  even  when  administration  of  the  drug  did  not  begin 
until  7  days  after  virus  inoculation,  by  which  time  virus  infection  was  well  established.  Imexon  was  also 
Significantly  enective  when  administered  orally  at  doses  of  !>0  a.nd  220  mg  kg,  qd.  Additionally,  the 
effect  of  imexon  on  the  survival  of  RMuLV-mfected  mice  was  tested.  Imexon  produced  little,  if  any, 
extension  of  survival  in  andmaJs  infected  with  a  lower  dose  of  virus,  hut  the  drug  appeared  to  shonen  the 
survival  of  m.ce  infected  with  a  higher  dose  of  vinj.s  (Table  18). 
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Tabic  18 

Effccl  of  Imexon  oo  SurviviJ  of  RMuLV-Infetted  Mtce 


Rpuie  of 

Pilw  Ug.P 

ImiiiKa! 

Virus 

Adrmn 

ol^'itui 

(day  3-131 

IV 

Neal 

Placebo 

IV 

Neat 

Imexoc 

IP 

Neat 

Placebo 

IP 

Neal 

Imexon 

IV 

1;3 

Placebo 

IV 

1;3 

Imexoo 

IP 

1:3 

Placebo 

IP 

1:3 

Imexon 

Dose 

fmg'Tcgl 

Mcd.Surv,- 
Timet  davsl 

Alive  41 
skxJJi 

90 

4'1 1 

170 

13 

3,a2 

73 

310 

170 

48 

3  10 

82 

2' 10 

170 

87 

3/10 

102 

3/10 

170 

103 

3/10 

Funher  srudies  on  the  therapeutic  aaivity  of  imexon  in  the  RMuLV  model  in  vivo  were 
performed.  We  examined  the  efficacy  of  repeated  roundi  of  imexon  treatment  interspersed  with  rest 
pericds,  Imexon  treatment  was  given  either  every  other  week  (one  week  on  treatment,  one  week  off)  or 
every  third  week  (one  wee's  on,  then  two  weeks  off).  Two  different  dosing  regimens  were  applied  or. 
both  of  these  schedules.  110  mg.lsg.  c)d,  IP  or  170  mg/kg.  q2d,  IP,  and  the  treatment  regimens  were 
maintained  for  eleven  weeks.  The  effect  of  imexon  treatment  on  survival  of  infected  artimals  was 
recorded.  Either  dose  of  imexon  prolongexi  sursfval  in  mice  treated  every  other  week.  Median  times 
to  death  were:  49  days  for  placebo  and  1 19  days  for  eiCier  imexon  dose.  This  represents  about  a  2.5-fold 
increase  in  the  median  survival,  and  40%  of  the  animals  treated  with  the  higher  dose  of  imexon  are  still 
alive.  When  imexon  treament  was  given  every  third  week,  the  results  were  somewhat  different.  Imexon 
seemed  not  quite  as  effective  when  given  less  often.  Median  times  to  death  were;  52.5  days  for  placebo, 
98  days  for  the  lower  dose,  and  35  days  for  the  higher  dose.  The  reduction  in  survival  among  the 
animals  created  with  imexon  at  170  mgfkg  could  have  bees  due  to  exacerbation  of  disease  or  to  toxicity 
In  addition  to  this  reduction  in  survival,  other  suggestions  of  toxicity,  ixitahly  severe  neurotoxicity 
characterized  by  loss  of  voluntary  motor  control  in  the  limbs,  were  noted  among  seveial  imexon-treated 
mice  These  animals  had  to  be  sacrificed  because  they  could  rwt  eat  or  drink  water  Clearly,  however, 
imexon  treatment  every  other  week  did  Improve  survival  of  RMuLV-ir.lected  mice 

Additionally,  the  efficacy  of  imexon  in  the  LP-BM-5  model  was  examined  Mice  were  treated 
IP  daily  on  days  3  through  27  with  AZT  (100  mg'kg)  or  imexon  at  70,  1 10  or  170  mg'kg,  and  they  were 
sacrificed  on  day  28.  Single-cell  suspensions  of  splcnocyres  were  prepared  and  assayed  for  virus 
produaion  in  an  infeaious  centers  assay,  a  variant  of  the  UV-XC  assay  in  which  viable  spleen  ceJlt, 
rather  than  serum,  serve  as  the  source  of  virus.  This  assay  is  necessary  because  viremia  is  not 
charaaeristic  of  the  LP  BM  5  model.  As  shown  m  Table  19,  imexon  reduced  splenic  cellularity 
(cellS'Spleen)  In  a  dose-dependent  fashion,  with  an 
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Table  1$ 


Effect  of  imcxon  on  LP-tsM-S  ViniS  Rtphcauoii  in  Spleen 


Treatment 

Dose 

Cclls/SDl. 

PFL’/IO' 

PFU/spl. 

(d  3  to  27) 

(mekpl 

fX  10*) 

sol.  cells 

No  virus 

100 

6 

PBS 

140 

2.4  X  10* 

3.4 

Imexon 

70 

75 

3.3  X  10* 

2.5 

Imexon 

110 

45 

4.6  X  10* 

2.1 

Imexon 

170 

7.5 

2.3  X  10* 

1.8 

AZT 

100 

180 

7.4  X  10-' 

1.3 

.1 


» 


J 


» 


I 


almost  twenry-fold  reduction  at  the  highest  dose  of  imexon.  Conversely,  in  a  dose-dependent  fashion 
imexon  also  increased  the  number  of  infeaed  cells  (platjue-forming  units,  or  PFU)  on  a  per  cell  basis 
CPFU/10  spleen  cellsj.  with  an  almost  ten-fold  rrtcrease  at  170  mg/ltg.  The  net  result  of  these  changes 
was  that  imexon  reduced  the  .'umber  of  infected  cells  (PFU)/spieen  in  a  dose-dependent  manner,  with 
a  reduction  of  almost  50%  at  170  mg/kg.  In  contrast,  AZT  had  only  a  slight  effect  on  splenic  ceJlularity, 
but  decreased  the  number  of  infected  spleen  cells  by  about  two-thirds  whether  expressed  on  a  per  cell  or 
per  spleen  basis  Additional  cohorts  of  mice  from  this  experiment  were  held  for  survival  analysis. 
Results  are  shown  in  Table  20  Although  median  survival  increased  in  all  groups  of  treated  mice. 

Table  20 

Effect  of  Imexon  on  Survival  of  LP-BM-5  Infected  Mice 


I 


I 


Treatment 
(d  3-27) 

Dose 
(mg 'kg) 

MST 

(days) 

Range 

(days) 

%  Alive  at 
day  196 

P  Value 
(vj.  PBS) 

PBS 

117 

83-152 

0 

Imexon 

70 

141 

128->  196 

20 

0.247 

Imexon 

110 

130 

108->  196 

20 

0.282 

Imexon 

170 

170 

115->  196 

20 

0  0376 

AZT 

100 

145 

83- >  196 

40 

0  193 

• 

only  mice  treated  with  the  highest  dose  of  Imexon  showed  statistically  significant  increases  in  survival 
by  the  Cox-Mantel  test  Thus  in  the  LP-BM-5  rtxxlel  as  well  as  in  the  RMuLV  model  Imexon  has 
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sisnificaiuJy  prolonged  sur>'iviij  of  reirovirui-mfected  mice.  However,  these  results  with  imeron  add  a 
cjuiionarj  note  because  results  in  twr;  diffcrcni  mutmc  fcuovirus  in  ’Avo  models  thus  suggest  that  insexor, 
mav  actuilly  exacerbate  disease  in  some  ..ircumsunces,  Tberefore,  caution  would  be  itvJicated  in 
considering  i.Tiexon  as  a  candidate  for  clinical  development  in  AIDS  treatment. 

DDC  showed  good  antiviral  activity  in  the  RMuL\'  model  in  vivo  only  at  very  high  concentra¬ 
tions  (2300  mg'kg),  but  in  this  dose  range  ddl  had  no  activiral  ai-tivity.  These  studies  have  been 
repeated  with  higher  doses  of  ddl,  and  ddl  had  good  antivira.  activity  at  1000  mg-kg.  Animals  were 
treated  from  day  -1  through  day  13  (IP,  qd),  and  they  were  sacr.’iced  on  day  14.  Spleen  weights  were 
recorded,  and  sera  were  collected  for  quantitation  of  vircmia  (by  LA  \C  assay)  and  reverse  transcriptase 
It  should  be  emphasized  again  that  even  at  these  high  drug  concentre,  'ns  no  gross  evidence  cf  toxicity 
was  noted,  either  in  behavior  or  in  body  weight.  We  and  others  ha.c  previously  rep^med  that  AZT 
shows  bener  antiviral  activity  if  treatment  is  given  prophylaciically  a'-catment  begun  before  virus 
inoculation)  rather  than  the.'-apeutically  (treatment  begun  after  virus  inoculaii..-ni.  The  effect  of  delaying 
the  onset  of  ddC  treatment  in  RMuLV-infeaed  mice  was  examined.  Mivc  treated  prophylaaically 
(beginning  one  day  before  virus  inoculation)  with  ddC  were  virtually  mdisunguoshable  from  uninfected 
mice  by  any  of  the  measures  (splenomegaly,  viremia,  or  serum  RT).  WTien  the  initiation  of  ddC 
treatment  was  delayed,  splenomegaly  and  serum  RT  rose  gradually,  but  were  still  ,  n)\  slightly  above 
uninfected  controls  However,  viremia  rose  sharply  to  a  plateau  if  treatment  did  not  begin  until  the  day 
of  virus  inoculation  (day  0i  or  afterward.  Nonetheless,  even  when  treatment  did  not  beg.r,  until  a  week 
after  virus  inoculation,  by  which  time  splenomegaly  and  viremia  are  readily  apparent  in  untreated  mice, 
ddC  stiil  reduced  viremia  by  about  30-fold-  These  findings  show  that  ddC  is  still  effective  merapeuti- 
cally,  but  not  to  the  same  degree  as  prophylaaically. 

These  results  raised  the  question  of  whethei  a  single  administration  of  a  drug  early  in  the  disease 
course  might  also  be  effecuve,  possibly  by  inhtbiung  some  critical  early  step  in  die  infectious  process. 
In  order  to  exa,Time  this  possibility,  RMuLV-mfected  mice  were  given  a  single  administration  of  ddC  or 
AZT  at  vario'us  times.  A  single  administration  of  ddC  (lOCO  or  2500  mg  kg)  had  little  or  no  ajiiiviral 
effesi  at  any  time  tested.  In  contrast,  a  single  dose  of  AZT,  especially  at  250  mg.kg.  was  effective  if 
given  on  day  0  or  day  3.  A  result  this  striking  demanded  confirmation,  which  two  repeat  of  this 
experiment  tailed  to  provide.  Therefore,  one  must  conclude  that  the  original  result  was  a  fluke  and  that 
a  single  administration  of  ddC  or  AZT  does  not  have  antiviral  activity  in  this  system.  Single 
administrauon  of  Imexon  was  also  examined,  atsd  a  transient  antiviral  aaivity ,  detectable  for  only  one 
day  after  treamicnt,  was  noted. 

DDC  was  also  aaive  by  the  oral  route  in  drinking  wnter  with  an  EDj^,  of  around  300  mg  "kg,  a 
dose  similar  to  the  EDjq  for  intraperitoneal  administration.  Curiously,  however,  when  doses  of  oral  ddC 
in  drinking  water  were  increased  above  300  mg-'kg,  toxicity  which  had  not  previously  been  seen  with 
intraperiioneaily  ^ministered  ddC  was  observed.  Mice  became  extremely  agitated,  behavior  which 
suggested  neurotoxicity.  Since  peripheral  neuropathy  has  been  commonly  reported  as  the  primarv  dose- 
limiting  toxicity  of  ddC  in  AIDS  patients,  this  phcnome.ion  may  represent  a  small -animal  model  for 
peripheral  neuropathy. 

The  effeaiver.ess  of  the  combination  of  AZT  arul  ddC  in  the  RMuL\'  iTK>del  in  viw  was  also 
examined.  Mice  were  treated  from  day  -1  through  day  13  with  .AZT,  ddC  or  the  combination  of  tie  two 
drugs.  The  combinat.km  of  the  two  agents  appeared  to  be  more  effeaive  than  treatment  with  either  single 
agent  at  these  doses.  The  data  from  this  experiment  were  at^yzed  statistically  with  the  Dose-Effea 
Analysis  program  of  Chou  and  Chou  (Elsevier  Biosoft).  This  program  analyzes  the  dose-response 
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suffices  an<J  constructs  isctsolc-srirrcs  from  comh)nai!on  studies  for  evidence  of  sjnerg-stic  or  antagcnistic 
interictions.  A  complen  par.em  emerged  from  this  arLalysis.  Both  synerjtstic  znd  additive  interactions 
were  seen  at  ceruin  ratios  of  AZT  to  adC.  Especially  for  splenomegaly,  tynergy  was  seen  at  virtually 
all  AZT/ddC  l  aiics  For  Kjth  viremia  and  serum  RT,  wrongly  synergtstk  imeractions  were  fourvl  at  a 
1:3  ratio  of  AZT  to  ddC,  but  only  additive  to  subsynergistic  efiects  at  a  1:10  ratio.  These  results  are 
consistent  with  data  from  Babs  .*?  aJ.  (1987)  on  the  inhibition  of  HlV  replication  in  vitro  by  the 
combination  of  .AZT  and  ddC.  That  study  reported  additive  to  subsynergistic  interac'inns  between  the 
tv  0  drugs.  Evidence  that  these  dideoxynucleosides,  which  have  proven  activity  against  HIV  and  are 
undergoing  ciinicai  trials,  have  antiviral  activity  m  the  RMuLV  model  helps  to  validate  this  murine 
retrovirus  model  in  AIDS  drug  development.  The  murine  in  vivo  model'  can  be  e,speciajl\  useful  in 
providing  guiJiTiCe  for  clinical  trials,  especially  in  terms  of  scheduling  and  drug  combinatuins 

Progress  was  made  in  characterizing  the  LP-BM-5  model  Virenua  could  not  be  deteaed  at  any 
time  tested,  from  24  hours  up  to  14  weeks  after  virus  itsoculaiion.  However,  2  weeks  after  infection, 
virus  production  in  the  spleen  could  be  readily  detected  with  an  infectious  centers  assay  (Table  21). 
Dramatic  rises  in  splenic  cellularity  arsd  in  the  number  of  infected 


Table  21 

Production  of  LP-B.M-5  Virus  by  Spleen  Cells 


Nk  k  after 

Cells  Spleen 

PFLMO' 

PFL'spleen 

Infection 

(X  10^} 

Spleen  Cells 

(X  10^) 

1 

i 

N.D. 

0 

0 

92 

7iOO 

65 

3 

55 

2000 

23 

14 

160 

15,000 

250 

N.D.  = 

not  determined 

PFU  =  plaque-forming  units 

spleen  cells  were  evident  3  months  after  infeaion.  It  should  also  be  noted  that,  in  contrast  to  published 
reports  front  Mosier  <r  ai.  (1987),  LP-BM-5  infection  did  not  prove  fatal  in  our  hands.  At  the  saime 
time,  we  crammed  the  effect  of  LP-BM-5  infection  on  immune  funojon.  Splenic  NK  activity  was 
depressed  3  months  after  infection,  and  it  w  as  not  boosted  by  a  single  IP  injection  of  the  BRM  poiy(l,C)- 
LC  at  10  ug  inimal  48  hours  before  the  assay,  as  was  the  NK  activity  of  uninfected  mice.  Similarly,  CTL 
activity  was  also  depressed  then  These  animals  also  had  significaiuiy  inaeased  serum  immunoglobulin 
levels.  These  findings  indicate  that,  even  in  the  absence  of  detectable  viretnu,  the  LP-B.M-5  model  can 
serve  as  a  useful  secondary  screen  for  agents  which  show  antiviral  aaivity  in  the  primary  RMuLV  screen. 
Virus  production  by  spleen  cells,  immune  funaion,  and  serum  immunoglobulin  levels  can  all  be  measured 
as  indicators  of  antiviral  activity  in  this  system 

The  possible  efficacy  of  HP-5,  a  hemoregulatory  peptide  which  stimulates  bon:  manow 
progenitor  cells  and  which  has  activity  by  the  oral  route,  in  alleviating  the  established  hematopoietic 
oxic.ty  of  AZT  was  mvestigaied  Mice  were  given  a  high  dose  of  AZT  (2,5  mg.'ml;  in  drinking  water 
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for  21  or  42  days  The  abili^  of  HP-5,  administered  i.v.  at  1.2  ng'kg  (the  optimal  dose)  on  days  21-23, 
to  overcome  the  anemia  induced  by  AZT  was  measured  at  various  times  HP-5  produced  a  transient  nse 
in  red  blood  '’■jinbt^s  (as  well  as  hemoglobin  levels  a«l  hematocrit),  but  the  long-term  effects  in 
animals  receiving  AZT  continuously  may  have  been  deleterious. 

A  series  of  studies  was  undertaken  to  evaluate  the  relationship  between  augmentation  of  natural 
killer  (NK)  cell  aciisity  and  the  antiviral  activity  of  several  biological  response  mcdiriers  ("BRM)  which 
are  interferon  inducers  L'nmfected  and  R.MuLV-infected  mice  were  treated  with  BR,M  on  various 
scheduies,  and  SK  and  antiviral  activity  were  assessed  two  weeks  after  infection.  CL  264, '3S  had 
antiviral  activity  when  given  prophylactically,  but  txx  therapeutically,  while  the  opposite  was  true  for 
Ampiigen  Pol\  [l-Cl-LC  had  antiviral  activity  both  therapeutically  and  prophylactically ,  but  therapeutic 
activity  was  much  greater  than  prophyUaic  aaivity.  In  fact.  RMuLV -infected  mice  treated  with  poly 
[l.Cl-LC  therapeutically  were  no:  signiricantly  different  from  uninfected  mice  by  any  of  the  tiiree 
measures  ot  viral  disease,  and  nc  infectious  virus  was  detected  ui  serum.  'A'hen  antiviral  activity  was 
compared  with  augmentation  of  splenic  NK  activity,  a  consistent  panem  emerged  for  these  BR.M  and  all 
others  tested,  namely  that  antiviral  activity  always  correlated  witn  augmentation  of  NK  activity  in  infected 
animals.  For  instance,  CL  264  738  boosted  .NK  activity  m  infected  mice  treated  prophylactically,  but 
act  therapeutically.  Similarly,  poly  (l.CJ-LC  augmented  NK  activity  much  more  in  infected  mice  treated 
therapeutically  than  prophylaaically  BR.M  sucfi  as  soluble  glycan,  which  did  not  boost  NK  activity  in 
infected  mice  did  not  derrsonstrate  antiviral  actr.  ity.  In  contrast,  augmentation  of  NK  activity  in 
uninfected  mice  bore  no  relationship  with  antiviral  activity.  For  e.xample,  soluble  glycan  boosted  NK 
activity  in  uninfected  mice,  but  depressed  NK  activity  in  infected  mice.  These  results  suggest  a  causal 
role  tor  the  augmentation  of  NK  cell  activity  in  the  antiviral  efficacy  of  these  BRM  in  this  model. 

In  order  to  test  whether  NK  cells  are  directly  involved  in  the  antiviral  activity  of  these  biological 
response  modifiers  fBR.VIi,  mice  were  treated  with  pcly(I.Cj-LC  (A'v'S  1761 .,  an  intert'eron  inducer  with 
good  antiretroviral  activity,  and  with  rabbit  antibody  to  asialo  GM,,  a  ganglioside  on  the  surface  of 
murine  NK  ceiis,  to  deplete  NK  activity.  In  Uie  initial  experiment  anti-asialo  CM,  eiiminaied  SK  aaivity 
in  uninfected  mice,  but  did  not  affect  NK  aaivity  tn  infected  mice.  Similarly,  antiviral  aaivity  was  not 
affected  by  anti-asialo  GM,  treatment.  The  experiment  was  repeated  wiuh  more  frequent  administration 
of  higher  doses  ..f  antiserum,  and  NTC  aaivity  in  infected  and  uninfected  mice  was  eliminated.  Similarly, 
anti-asialo  GM.,  treatment  eiiminated  the  antiviral  aaivity  of  poly  n.C)-LC  as  measured  by  splenomegaly 
and  viremia.  Some  antiviral  aaivity  of  poly  [!,C1-LC  was  still  detectable  as  judged  by  serum  RT  levels 
after  anu-asido  GM)  treatment.  Because  poly  (I.C)-LC  is  an  established  mterferon  inducer,  serum 
mterteron  level  ■  were  measured  to  determine  if  interferon  induction  is  responsible  for  the  antiviral  effea 
of  poly  fl.Cl-LC.  However,  serum  mtaferon  levels  were  not  reduced  by  anti-asialo  GM ,  treatment  even 
though  antiviral  aaivity  and  NK  augmentation  were  eliminat'd.  These  findings  suggest  that  Lmerferon 
IS  not  directly  involved  in  the  antivirol  action  of  poly  [1,C]-LC,  but  that  .NTs  may  mediate  the  anti.iraJ 
effect  of  poly  [l.Cl-LC,  but  that  augmentation  of  splenic  NK  aaivity  by  poly[I,C]-LC  is  critical  for  its 
antivu-al  activity  Therefote,  NK  ceiis  may  play  a  key  role  in  resistance  to  this  retrovirus. 

We  have  also  tested  a  series  of  protease  inhibitors  vuto  in  the  R.MuLV  model.  Thiee 
compounds  have  shown  consistent  anuviral  aaivity  in  die  RMuLV  model  in  vitro  as  well  as  agatost  HIV 
and  simian  immunodeficiency  virus  (SIV).  Lysates  were  prepared  from  infeaed  ceils  treated  with  these 
compounds,  and  these  lysates  were  aiulvred  for  produaion  of  RMuLV  proteins  by  Western  blotung  in 
the  laboratory  of  Dr.  Dennis  Lambert  at  SmiihKiine  Beecham.  The  same  compounds  inhibited  produaion 
of  p30  piotein  of  R.MuLV.  Infected,  treamd  cells  were  also  examined  by  electron  microscopy  in  the 
laboratory  of  Dr.  .Mary  Beuh  Downs  at  USaMRJID.  Tne  same  compounds  virtually  eJiminaied 
production  of  virions,  but  other  compounds  which  dtd  had  not  shown  aaivity  in  other  tissue  culture 
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assays  reduced,  but  did  doi  eiimiaaie  the  productioo  of  virioas.  With  these  compounds  many  empty 
nucleocapsids  were  seen.  The  truly  striking  result  with  these  compounds  was  the  similarity  in  tiieir 
antiviraJ  activity  against  three  differeai  rttrovirusss;  HlY-1,  STV'.  usd  RMiiLV.  The  tame  three 
compounds  were  aaive  against  all  these  retroviruses,  with  similar  median  effective  concentrations  in 
virro. 

2.  Simian  Mc'dgls 

a.  Psthologs'  Of  SrVsm'Dbi 

Although  both  adults  and  juvenile  Rhesus  monkeys  become  infected  by  STYsnupbj.  only  juveniles 
die  during  the  acute  stage  of  the  disease.  Diarrhea  and  lymphopenu  (<500^^11  ire  observed  by  '  days 
postmoculation.  De.ith,  precluded  by  metabolic  acidosis  (pH  <7.1).  occurs  by  10  days  post  inoculation. 
Necropsy  of  SrVsrmpbj  infected  monkeys  revealed  lesions  of  the  hemolymphauc  system  and 
gastrointestinal  traa.  Although  there  was  generalLZ^d  lymphadeaopathy,  gut-associated-lymphoid-tissue 
and  mesenteric  lymph  nodes  were  nsosi  severely  enlarged  with  the  laoer  cseasuring  ICMOX  the  normal 
percentage  of  total  body  weight.  All  lymphoid  organs  and  gut -aiaociated -lymphoid -tissue  had  similar 
histologic  charges  including  hj-perplasu  of  T-ccll  areas  containing  up  to  50%  lymphoblasts,  atrophy  of 
B-cell  areas  and  scaaered  multinucleated  cells.  T-ceJl  areas  consisted  almost  exdusi.'dy  of  CO-8  positive 
cells.  In  rhesus  macaques  immunohistochemistry  demonstrated  SfV  antigen-positive  lymphocytes  and 
multinucleated  cells  in  gui-associated-lymphoid-tissue  (S-AO/high  powered  field  ("HPF;),  mesenteric  node 
(1-30  HPFj,  and  spleen  (1-20'HPF')  but  not  in  the  axillary  nodes.  By  contrast  pigtailed  and  cyrvomolgui 
macaques  generally  had  greater  than  30''KPF  in  all  lymphoid  tissues.  Grossly  in  Rhesus  monkeys  the  Gl 
tract  had  multifocal  submucosal  edema  with  hypieremia  and  erosion  of  the  mucosa  in  additkm  to 
prominentiy  enlarged  Fever's  Patches.  Histologic  changes  away  from  gut-»ssociated  =  lymphoid-tissue 
included  villus  subepitheJial  vesicles  progressing  to  severe  multifocaJ  villus  blunting  and  fusion.  Diffusely 
there  were  increased  numbers  of  lymphoid  cells  in  the  lamiiu  propria.  Multifocal  infiltrates  of  neuuophiJs 
and  multinucleated  cells  were  present  aJong  with  crypt  disruption  and/'or  loss.  Antigeo-positive 
lymphocytes  and  multinucleated  cells  were  observed  throughout  the  lamina  propria  and  were  roost 
numerous  (50/HPF)  in  foci  with  crypt  disruption.  However,  neither  viral  antigens  nor  viral  particles  were 
detected  in  eiuerocytes.  Multinucleated  cells  were  pan-T  and  CD-4  positive.  There  was  no  evidence  of 
opportunistic  viral  or  baaerial  agents  in  GI  or  lymphoid  tissues  by  light  or  electron  microscopy, 

b.  Srvpbi  Seed  Titration  In  Cir-nomolgus  Macaques. 

A  virus  seed  of  SlVpbj  has  been  developed  for  future  drug  studiei  using  human  penpberal  blood 
lymphocytes  and  a  PBj  isolate  from  macaque  Peyer’s  patch  tissue.  This  seed  contains  ICr  TCID  and 
when  undiluted  it  was  shown  to  be  lethal  to  sis  cynomolgus  macaque,  with  death  occumog  within  9  days. 
Dilution  cf  this  seed  by  1:10  caused  only  1  of  3  cynornolgus  macaqua  to  die  acutely  (Table  22).  A 
1  100  dilution  when  given  to  3  addition  cynos  caused  no  deaths.  All  of  these  monkeys  became  acutely 
ill. 
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Tabk22 


Effect  of  Dilution  of  HPBL  Derived  Seed  tn  Cynomoigus  M<*cauues 


Dilution 

Disease 

Death 

Undilute* 

6/6 

6.6 

1;10 

3/3 

1/3 

1:1000 

in 

Oii 

*  Titer  ^  0  Logjo 
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In  an  attempt  to  find  cell  line  susceptible  to  SIV  infection  suitable  for  the  rapid  screening  of 
infectious  sample  and  for  potential  drugs,  we  tet'ed  a  number  of  cell  line  shown  to  be  susceptible  to  HfV- 
1  infection.  We  have  tested  a  number  of  cell  lines  that  replicate  HIV-1  well,  such  as  Cem-SS,  H9,  Hul¬ 
l'S  Molt-3,  Molt-4,  Sup-1 ,  \n'-2,  and  THP-i  ivr  their  ability  to  replicate  SIV  (Table  23)  W'e  identified 
an  Epstein-Bar;  virus  iTBV)  positive  B  lymphobiastoid  cell  line,  containing  high  levels  of  the  CD4 
glycoprotein,  that  can  be  infected  easily  by  SIVs  and  HlV-1.  This  cell  line,  called  AA-2,  when  infected 
with  SF'.’,  readily  form-.'  '^rge  syncytia  and  produced  deteaible  gag  antigen  and  reverse  transcriptase 
within  2  to  3  days  at,  tion.  The  peak  virus  production  occurred  befween  6  and  15  days  after 

inf&ction  Various  SI  -  ,iding  smm,  mne,  and  agm.  replicated  to  higher  titer  ir  the  AA-2  cdls  than 

did  HlV-1. 


Table  23 

Cell  Lines  Tested  for  Virus  Growth  and  Syncytia  Fomtaiioo  After  Direct 
Infection  with  SlV/Mne,  SIV, Cat.  SIV'Cae  or  Srv/sm'pbj. 


SIV.  Mne 
Ceil  Line  imacaquei 

SIV  Cat 
(mangabey) 
iwild  cau?ht) 

SIV  sm  pbj 
fmanaahevi 

.SlViCaej 

(arm) 

HIV-1 

CEM-SS 

• 

f  ;- 

MOLT-4 

- 

- 

• 

"T  /  ' 

MOLT-3 

- 

- 

• 

SupTl  T  - 

^  - 

- 

THP-1 

- 

- 

• 

CEM- 1  ”74  +  - 

f-  /- 

T  ' 

nd 

MT-2 

+  /- 

nd 

nd 

-f  /- 

Hut-7S  -t-  - 

+  /- 

-r ;  ■ 

- 

AA-2 

+  ;-!■  -1- 

+  / 1- 

+  -t- 

©  Virus  growth 'Syncytia  formation 
nd  ~  not  deierinined 
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SrV't  can  be  isolated  more  reliably  frcoi  die  peripheral  blood  lymphocytes  (PBL)  of  mfected 
macaque*  after  cocultivtuon  with  the  AA-2  cell  line  than  with  Hui-78  or  padieiU-purified  human  PBL 
(Table  24).  In  addition,  coculrjrcs  with  AA-2  cell  and  infected  macaque  PBL  replicated  to  high  titer, 
allowing  for  easier  measureir.ent  of  positive  culture*.  Virus-positive  cultures  can  also  be  eapatkled  and 
carried  for  estended  periods  of  time  (3  -  5  months)  ^vithout  the  addition  of  fresh  uninfected  cells  to  the 
culture. 


Table  24 

Direct  Comparison  of  Virus  Isolation  from  SrV'/snt'phj-lnfected 
Rhesus  PBL  by  Cocultivatkm  with  Human  PBL  and  AA-2  Cells 

No.  Positive 

Indicator  Cells  Cultures 


Human  PBL 

20 

AA-2 

iQ 

Total  Tested 

*0 

PBL  were  isolated  by  ficoll  densin-  gradient  set  aration  from  SIV.sm/pbj  inoculaml  rhesus, 
stimulated  tor  24  hr  with  PHA-P  and  added  to  either  PHA-P  stimulated  human  PBL  or  AA-2  cells  in 
medium  containing  Inierleukin-2  and  polyhrene.  Virus-infected  cultures  were  tested  for  the  pretence  of 
core  protein  using  the  Coulter  HrV-1  p24  ELISA  kit  on  Day  28  of  cultivation. 

A  rapid  microtiter  syncytial  cell  reduction  assay  was  developed  with  the  AA-2  cell  line  to  measure 
Srv  neutralizing  antibody  in  macaque  plasma  (Tsble  25).  Reproducible  neutralization  titers  can  be 
obtained  within  5  -  7  days.  In  a  collaborative  saidy  wrth  Dr  Raoul  Lcnveniste  we  have  recloned  the  AA- 
2  cell  line  and  have  isolated  several  new  line  that  have  a  greater  sensitivity  lo  SIV  infection  than  the 
parental  line. 
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Table  25 


Neutralization  Titers  of  Macatjue  Plasma 
After  Inoculation  with  SIV/Mne 


Date  of 

Plasma 

Animal 

M.  mulatta 

Dauti  (wi.ll 

(weeks) 

AA-2  Asm/ 

RT  Assay* 

A85033 

66 

18 

<  1:12 

ND 

36 

<  1:12 

1:50 

66 

.  <1:12 

bOD 

A85034 

87 

18 

1:96 

1:200 

36 

1.24 

1:50 

78 

1:12 

<1:50 

A45037 

96 

18 

<  1.12 

ND 

36 

<1:12 

1:50 

78 

<  1:12 

<1:50 

M.  fiemfigiha 

T85056* 

15 

3 

<  1:12 

<  1:50 

14 

<  1;!2 

<1:50 

F85062 

80 

18 

1:768 

>  1:800 

35 

1:384 

1:800 

80 

112 

<1:50 

M85026 

120 

18 

1:48 

NT) 

36 

1:12 

1:50 

105 

<  1:12 

NT) 

*  Assay  was  set  up  in  a  96-well  plate  which  hatJ  been  pretieated  with  poly-L-lysine  (I0Mg''well).  A  total 
of  12,500  AA-2  cells  in  log  phase  was  added  to  each  well.  Heat-inactivated  plasma  was  serially  diluted 
and  incubated  with  virus  dilutions  for  2  hours  at  room  temperature  before  adding  to  the  AA-2  cells.  The 
virus  and  antisera  were  removed  after  one  hour  and  replaced  with  fresh  media  Wells  were  scored  for 
syncytia  ai  5-7  days. 

Serially-diluted  heai-inaaiviied  plasma  was  incubated  with  virus  diluiXMis  overnight  at  5°  C  and  then 
added  to  human  PBL  cells  (8  x  10*)  for  3  hours  at  37'  C  The  cells  were  then  washed  twice  and 
resuspended  at  0.5  x  li3*/tal.  The  cultures  were  held  for  14-21  days  and  the  supematams  were  tested  for 
the  presence  of  RT  activity.  Neutral iziiion  titers  represent  the  highest  dilution  of  plasma  resulting  in  no 
detectable  RT  aaivity. 

*  Seronegative 
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d.  Elcvatwi  Ltvth  Of  Circ’.ilaiir.j  Inirrliukin-^  A^so^i^taJ  Ir-re.-^ion  Acutfiv  FaaJ 
Simian  Immunodeficiencv  Vinii  Isolate  fSlVsm/pbil 

IiUerleukm-6  nL-6)  is  in  imptjrunt  mediator  of  inflammatory  responses,  usually  associated  with 
acute  infections  and  tissue  damage  lL-6  is  released  by  numerous  cell  types  and  one  of  its  roles  is 
induction  of  acute-phase  reaoants  in  the  liver  We  measured  the  levc’s  of  the  cytokines  IL-lct,  IL-6  and 
TNFa  in  serum  samples  and  lL-6  and  IL-1|3  in  tissue  samples  of  macaques  exp-erimentally  infected  with 
SIVsm'pbj,  wi  acutely  lethal  SIV  strain  that  causes  death  within  2  weeks  of  inoculation.  No  sig*'ificant 
increase  in  circulating  levels  of  IL-la  or  TNFo  were  obsersed.  The  highest  levels  of  circulating  iL  •6 
were  observed  in  pigtaiied  macaques  dying  acutely  (>10,000  units/mJ),  a  1000  fold  increase  over 
normal.  Cynomolgus  macaques  dying  acutely  developed  between  100  to  10000  fold  increases  of  IL-6 
(lOOO  to  lOfXXX)  units ml)  and  rhesus  macaques  had  berween  10  to  100  fold  increases  (100  to  1000 
uniLs  mil  Rhesus  that  survived  the  acute  disease  associaied  with  SIVsm'pbj  had  an  initial  rise  of 
circulating  IL-6  (>  100  units 'ml)  that  returned  to  near-normaJ  levels  dv  10  to  15  days  post  challenge 
Elevated  levels  of  IL-6  message  RNA  were  observed  in  spleen  and  rresenteric  lymph  nodes  and  Lntestme 
of  animals  dying  acutely.  High  levels  of  IL-ld  and  IL-6  were  observed  in  tissue  samples  collected  from 
one  pigtailed  rtucaque.  The  hign  levels  correlated  with  virus  isolaion  from  the  tissues  (Table  26). 
Levels  cf  IL-6  correlate  directly  with  virus  load  as  determined  by  vuus  isolation  from  the  tissues  and 
serum  pZl  and  were  associated  with  elevated  levels  of  acute-phase  reactants  and  immunoglobulin 
production  (Table  27).  Jjj  Situ  hybridization  of  mRNA  for  IL-6  was  developed  and  results  indicate  that 
multiple  cell  type  are  involved  in  IL-6  produaion  including  lymphocytes,  macrophage  and  fibroblasts. 

Table  26 

Cytokine,  and  Virus  Load  in  Selected  Tissues  from  a  Pigtailed  Macaque  Infected  witli  Sl'^'sm.pbj 


iL-id 

Virus 

IL-6 

Tissue 

erami . 

iarim.fcuroi 

-Hean 

<  100 

- 

10 

Skin 

<  ICO 

- 

320 

Liver 

1820 

- 

19200 

Thymus 

2660 

2 

10 

Kidney 

<  100 

- 

41600 

Pancreas 

<  100 

- 

10 

Lung 

<  100 

- 

2880 

Saiivarj.'  Gla-od 

<  100 

- 

1600 

Spleen 

10420 

4 

8 

oo 

Mesenteric  LN 

7610 

3 

38410 

Inguinal  L.N 

3550 

2 

3200 

Esophagus 

<  100 

- 

2400 

Stomach 

1070 

- 

14080 

Duocenum 

11680 

5 

57600 

Jejunum 

17290 

2 

10240 

Ileum 

19090 

ND 

5600 

lieal-ceca'  valve 

21160 

3 

76800 

Cecum 

7660 

3 

12800 

Colon 

9660 

3 

58880 

Serum 

ND 

3 

11625 

ND  =  Not  uetermined 

Tiuuei  wtre  coilecLMl  pocuag  of  the  &mmai  foUowrn^  exiAXL^uioAijOD  Ai>d  perfut^oo  kkiih  ix:)rmAj  mJioc.  ,\i; 

UtJUM  wtrt  cn4p  froien  tiKi  Hcred  &i  >70*0  vioUl  u»c 

A  10%  boctogsoAle 

wii  prtpATod  ID  i>ormAJ  «4iio<.  the  umplei 

Where  frllerMS  uVj  ruc  id  tbe  amivi 

meouoocd  »bcve 

rL-)/9  XbUl  <)UADUlAteid 

uiing  the  CiiiroD  fL-lfi  ELISA  lot.  Virji 

lAclkiiOo  delerrrioe^d  the 

\A2  cell  iiae  bthI 

the  Coul'_er  HA'  p24  1 

tUSA  IL-6  leveli  were  determioed  tuing 

tbe  B9  bioAMAv 
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Effect  of  SIV|ibj  on  Levels  on  Acute  Phase  Reactants  in  Mjcjt^es 


SiHjthrm  Rr«M/ch  ImOhjCfl 


e. 


Fiv^  ptO\6«S€  in^tibilors  bv  Siiiiui  )Ciiif£  w^c  t^stou  for  vh^ir  ihiiitv  to  “•it 

SIVpbj  syr.cytiil  ceil  formaiion  (Table  i8)  and  p27  production  in  the  AA-2  cell  line  The  proiease 
inhibitors  were  designed  to  act  against  the  HlV-1  protease,  and  these  studies  were  performed  to  determine 
their  effect  on  SrV.  The  assay  consisted  of  AA-2  cells  incubated  with  three  dilutions  of  SIVpbj  and  serial 
dilutions  of  the  protease  inhibitors.  The  results  shown  in  Table  28  iivlicate  that  2  of  the  five  compounds 
were  active  against  SIV  in  wrc  Compounds  4  and  5  were  able  to  inhibit  up  to  2  logs  of  virus  Further 
studies  were  planned  to  determine  the  effect  of  these  compounds  on  virus  production  in  persisteni'y 
infected  cultures  and  their  effect  on  other  SIv’  isolates  Additional  studies,  in  collaboration  with  Smith 
KJine  Beechman,  will  determine  the  effect  of  these  compounds  on  virus  replication  and  viral  protein 
processing. 

Table  28 


Inhibition  of  SIVpbj  Syncytial  Cell 
Formation  with  Five  Protease  Inhibitors 


Drug  Virus 
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Lmmuncbmo^emical  Demonstration  QfSIVsmmTBi  Specific  Protein.-,  In  Fixerf 
L'iLn.g  SlVmre.5Di;ifi;  Anii:,cri. 


Ad  Lmmunohistochemicai  technique  wis  deveioped  tor  the  suining  of  SIV  specific  proteins  in 
tissue  .ectic&s  usir4^  ^ntiser^  to  Sr\  mnc  wivole  virus  &r«d  specific  proteins.  The  srRisers  wis  specinduiy 
to  the  whole  virus,  gpl20,  gp32e,  p28.  pl6  and  pI4  of  SIVmne/El  IS  b»logic  clone.  Using  SIVsm/PBj 
infeaad  tissues  is  the  target  for  these  intibodics,  and  an  ABC  immunoperoxidase  staining  method,  we 
were  sble  to  visualize  SIV  infected  cells  within  nunverous  tissue  type  collected  from  SIVsm/PBj  infected 
macaques.  The  maximum  number  of  SIV-antigen  positive  cells  per  high  powered  field  in  the  tissues  with 
greater  than  lO  log^  TCID  of  virus  ranged  between  40  -  60.  Lymphocytes,  macrophage  ard  numerous 
syncyiiaJ  cells  were  observed  as  antigen  positive.  Suining  paaems  include  (U  a  light  to  intense  difluse 
precipitate  with  distinct  nuclear  staining,  (2)  iniracytopiasmic  focal  granular  precipitate,  and  ij)  plasma 
membrane  granuiar  precipiute.  The  antibodies  to  gpl20  and  gp32  detected  approximately  half  the  cell 
observed  when  using  antibody  to  whole  virus  arid  they  were  observed  to  produce  a  diffuse  precipitate. 
Syncytia]  cells  were  ntore  frequently  noted  than  lymphocytes,  arid  they  stained  ntore  intensely  with  anti- 
gp32  The  antibody  to  the  gag  proteins  detected  approximatdy  a  third  of  the  maxunum  number  of 
p>ositive  ceJls,  producing  a  focal  or  plasma  membrane  granular  pattern.  Antibody  to  the  pl4  or  X-ORF 
(sid)  protein,  which  has  been  shown  to  oind  to  nucleic  acids,  produced  a  tijinmg  pattern  similar  to  that 
observed  with  antibodies  to  whole  virus,  including  intense  staining  of  nuclei,  and  detected  similar 
numbers  of  positive  cells,  A  cocktail  of  antisera  to  ail  the  purified  viral  proteins  generated  a  pattern 
identical  to  the  whole  virus  antisera  and  similar  to  the  pl4  antisera  alorse.  A  cocktail  excluding  pl4 
antisera  identified  approximately  half  of  the  cells  detected  by  whole  virus  amisera  and  no  nuclear  staining 
was  observed. 


g  Ulirastruciural  PathelogN  Of  SIVsm  PB:  In  Macaques. 

Elecuon  microscope  analysis  of  lymphatic  and  gastrointestinal  tissues  collected  from  macaques 
that  died  from  acute  PBj  infections  demonstrated  reuoviral  replication  typical  of  lentiviruses  :n  numerous 
lympnoblasts,  macrophage  and  syncyfiaJ  cells  consistent  with  the  above  mentioned  immunohistochemical 
results.  Viral  replication  was  not  obser  ed  in  parenchymal  cells.  Mature  enveloped  virions  measured 
approximately  KXmm  in  Jiameter,  and  conained  an  elecuon  dense  truncated  conical  core  and  lateral 
body.  The  nucleoid  remaioed  uncoruiensed  in  immature  and-or  defective  particles.  The  morphology  of 
the  cells  undergoing  viral  replication  was  distinctive.  Lymphoblasts  were  characterized  as  round  to  oval 
ceils  containing  round  or  slightly  indented  nuclei  with  marginated  chromatin,  arai  aver.^ged  7  um  in 
diameter.  Their  plasma  membranes  were  only  slightly  irregular  and  the  cytoplasm  contained  numerous 
free  ribosomes  with  few  mitochondria,  lysozomes,  and  profiles  of  rough  endoplasmic  reticulum  CRER). 
Macrophage,  in  conuast,  averaged  10  urn  in  diameter,  had  prominently  indented  nuclei,  and  displayed 
numerous  nucioviJll  and  pseudopodia  along  the  plasma  membrane  Their  nucJeus/cytoplasro  ratios  were 
lower  than  in  the  lymphoblasts.  The  cytoplasm  ui  macrophages  contained  many  ribosomes,  profiles  of 
RER,  a  prominent  Golgi  apparanis.  lysozomes,  vesicles,  residual  bodies,  and  a  prommetn  number  of 
pieripheral  psoudo-intracellular  vesicles  containing  buddmg  virioris.  Syncytial  cells  morphologically  were 
either  of  macrophage  or  lymphocyte  origin  with  characteristics  as  described  above.  Lymphocyte  syncytia, 
however,  were  smaller  than  the  macrophage  syncytia,  averaging  15  um  versus  27  urn.  Tubuloreticular 
arrays  (viral-like  particles)  were  observed  in  the  RER  of  the  lymphocytes  and  macrophages  irrespective 
of  viral  replication 


Degenerative  changes  were  observed  in  ephiteiial  cells  located  along  the  villus  tips  in  intestinal 
tissues  These  included  a  marked  loss  of  microvilli,  cytoplasmic  vacuolization,  dilation  of  RER,  loss  of 
ground  substance,  and  icparation  from  the  basal  limina  Evidence  of  ulceration  was  rare  and  remaining 
enterocyies  maintained  integrity  over  the  lamina  propria,  appearing  cuboidaJ  and  occasionally  squamous 
Crypt  changes  consisted  of  loss  of  microvilli,  focal  necrosis,  separation  of  ceils,  invasion  of  lymphocytes 
and  macrophages,  and  evemuai  loss  of  crypt  oiganizaiion.  Occasional  crypts  contained  infected 
lymphocytes  surrounded  by  macrophages  Crypt  lumina  often  contained  sloughed  epithelium  and 
neutrophils  Epithelial  changes  were  similar  to  those  previously  described  with  mild  ischemia,  and  may 
be  due  to  the  e.xiensive  cellular  infiltrate  and  inflammation  noted  in  the  lamina  propria. 
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h.  Phenonri;  And  Functioiul  Alteratiom  In  Mjcaau;  Organs  Following  SFV  Infection. 

Analysis  of  peripheral  lymphoid  organs  from  PBj  infeaed  rhesus  and  cynomolgus  macaques 
indirates  thai  despice  u^e  absence  of  circulating  lymphocyies.  aaivaied  lymphocytes  can  be  observed  in 
the  lymph  nodes,  but  n>t  in  the  spleen.  To  further  siudy  this  observation,  we  used  a  new  monoclonal 
antibody  to  the  CD45  marker  found  on  lymphocytes.  This  monoclonal  was  found  to  slain  three 
populations  o:  T  cells  which  we  designate  as  low,  medium  and  high  expressors.  The  low  population  was 
determined  to  be  .intiger  ruive  resting  cells.  The  medium  peak  was  determined  to  be  memiory  cells  which 
express  activation  markers  CD44,  CDlla  (LF.A-l)  and  CD54  (lCAM-1),  The  high  peak  contained  a 
population  of  T  cells  which  is  partially  activated,  containing  cells  thiai  also  express  high  levels  of  CD29, 
CDlla,  CE144  and  CD69.  Using  cell  sorting  technology,  we  determined  that  the  CWS  high  cell 
population,  unlike  the  medium  and  low  popuLaikms,  were  unresponsive  to  PHA  stimulation  but  reacted 
to  lL-2,  indicating  the  presence  of  high  affinity  rL-2  receptors.  Using  this  roonoclonai  antibody  we 
determined  that  most  normal  rhesus  peripheral  blood  samples  contain  all  three  peaxs,  while  many  cynos 
and  piguiis  are  deficient  in  both  the  low  and  medium  peaks.  Macaques  infected  with  SFV'  (SfVsm/PBj, 
SIVeat  or  S^\'mIl^'El  IS)  lose  the  low  and  medium  peaks  when  a  viremia  is  deteaed.  Animals  that  later 
become  vums  negative  can  regain  these  peaks. 
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Serum  umples  from  murme  leukemia  vir\u  expefimems  conducted  in  Dr  James  Rankin's 
laboratory  at  USAMRJID  were  sent  to  SRI  for  assay  in  the  UV-XC  plaque  assay  and  the  RT  assay  The 
first  shipment  of  serum  samples,  received  on  April  26,  1988,  contained  48  samples  to  be  assayed  for  the 
presence  of  Rauscher  MuLV  and  15  samples  to  be  assayed  for  the  presence  of  LP-BM5  MuLV.  The 
secortd  shipment  of  samples,  received  on  August  9,  1988,  contained  59  serum  samples  to  be  assayed  for 
the  presence  of  Rauscher  MuLV. 

The  results  of  serum  samples  assayed  for  the  presence  of  Rauscher  MuLV  are  reponed  in  Tables 
29  and  31.  The  results  of  the  samples  assayed  for  the  presence  of  LP-BM5  MuLV  in  the  UV-XC  plaque 
assay  are  reported  in  Table  30. 
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Table  29 

A^say  fur  Rauscher  MuLV 
in  Seruni  by  UV-XC  Plaque  and  RT  Assays 
(Saniplet  Received  4-26-88) 


Sample 

UV-XC 

Plaque  Assay 

RT  Activity 

cv 

No. 

(PR' /ml) ' 

rUnilsl 

35 

1 

2.4  X  10^ 

59.600 

2 

6.0  X  10^ 

28.400 

10 

3 

<  1.0  X  1(P 

18.000 

15 

Average 

35.333 

50 

4 

<  1.0  X  10‘ 

5.200 

12 

5 

<  1.0  X  10'' 

1,600 

43 

6 

<  1.0  X  10‘ 

13.200 

12 

Average 

6,667 

73 

7 

<1.0  X  10' 

800 

7 

8 

<  1.0  X  10' 

800 

18 

9 

<  1.0  X  10' 

800 

32 

Average 

800 

0 

10 

<  1.0  X  10' 

400 

28 

11 

6.5  X  10* 

27,200 

15 

12 

<  1.0  X  10' 

800 

43 

•Average 

9.467 

132 

13 

<1.0  X  10' 

800 

83 

14 

2.0  X  10^ 

157,600 

5 

15 

5.9  X  10^ 

9,200 

17 

Average 

55,867 

129 

16 

1.3  1  10* 

20,800 

27 

17 

1.3  X  10* 

31,600 

9 

18 

5.3  X  10* 

31,600 

2 

Average 

28,000 

18 

19 

3.9  X  10= 

395.600 

23 

20 

7.4  X  10= 

23,'^ 

13 

21 

9  8  X  10* 

219,600 

6 

Average 

212,933 

71 

22 

<  1.0  X  10' 

1,600 

35 

23 

<  1  0  X  10' 

1.200 

20 

24 

<  1.0  X  10' 

1,200 

21 

Average 

1,333 

14 

25 

2.6  X  10= 

4,400 

13 

26 

5.2  X  10= 

2,800 

5 

27 

1.5  X  10* 

58,800 

5 

Average 

22,000 

118 

•  •  • 
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Vible  29  (ConJ’d) 


lai-xc 


Sample 

Plague  Avay 

RT  ActlyjQ 

cx 

No. 

fPR'/mlt 

<%) 

28 

7.5  X  10= 

6,000 

16 

29 

5.0  X  10' 

3,200 

12 

30 

5.6  X  ICP 

5,600 

14 

Average 

4,933 

25 

31 

1.2  X  10^ 

264,400 

10 

32 

1.7  X  10* 

222,800 

25 

33 

4.3  X  10^ 

704.400 

8 

Avera|;e 

397.200 

55 

34 

<2.0  X  10' 

32.400 

53 

35 

<  1.0  X  10' 

4,800 

55 

36 

6.6  X  10* 

17,200 

12 

Average 

18,133 

62 

37 

4.0  X  10' 

400 

45 

38 

4.0  X  10* 

3.200 

14 

39 

1.2  X  10* 

800 

9 

Average 

1.467 

84 

40 

3.9  X  10* 

50,400 

12 

41 

7.6  X  10* 

4,800 

19 

42 

8.9  X  10* 

154,400 

19 

Average 

69,867 

90 

43 

<2.0  X  10' 

1,600 

62 

44 

<2.0  X  10' 

400 

38 

45 

<2.0  X  10' 

800 

82 

Average 

933 

53 

46 

1.0  X  10' 

400 

30 

47 

2.0  X  10' 

400 

12 

48 

2.0  X  10' 

1,200 

81 

Average 

667 

57 
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Table  30 

Assay  for  LP-BM5  Murit«  Leukemia  Virus 
in  the  L'V-XC  Plaque  Assay 
(Samples  Received 

UV-XC 

Sample  Plaque  Assay 

i^iuni^r  [PFV/mi) 


49 

<2.0  I  10' 

50 

<2  0  X  10' 

51 

<2.0  X  10' 

52 

<  2.0  X  10' 

53 

<  1.0  X  10' 

54 

<  1.0  X  10' 

55 

<2.0  X  10' 

56 

<  1  0  X  10' 

57 

<2.0  X  10' 

58 

<  10  X  10' 

59 

<  1.0  X  \Cr 

60 

<  10  X  10' 

61 

<  1.0  X  10' 

62 

<  1.0  X  10' 

63 

<2.0  X  10' 
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Table  31 

Asuy  for  Rau&cher  MuLV 
in  Searni  by  the  UV-XC  PUrjue  and  RT  Auays 
(Samples  Received  8-9-88) 


,Jr' 


ample 

No. 

UV-XC 

Plaque  Assay 
rpFU'ml)  ■ 

RT  Aoivity 
fUnitsl 

cv 

LSd 

1 

5.7  z  10^ 

720 

20 

1.5  I  10* 

640 

12 

3 

<2.0  X  10' 

400 

31 

4 

3.2  X  10= 

17,840 

23 

5 

<2.0  X  10' 

320 

16 

6 

1.0  X  10= 

6,960 

6 

7 

1.0  X  10^ 

280 

52 

8 

<2,0  X  10' 

240 

11 

9 

9.0  X  10* 

3,200 

13 

10 

2,0  X  10* 

9.W0 

34 

11 

4.0  X  10= 

24,680 

23 

12 

7,2  X  10^ 

440 

24 

13 

<2.0  X  10' 

280 

3 

14 

3  6  X  10= 

320 

16 

15 

3,8  X  10= 

280 

24 

16 

6.8  X  10= 

2,880 

40 

17 

2,2  X  10* 

960 

32 

18 

So  sample  subiuitted 

- 

- 

19 

1,0  X  10= 

280 

9 

20 

4.8  X  10= 

1,080 

21 

21 

8,1  X  10* 

1,600 

46 

22 

3,9  X  10= 

7,320 

0 

23 

3,6  X  10= 

10,800 

7 

24 

1.6  X  10= 

10,040 

31 

25 

1.7  X  10= 

5,520 

9 

26 

1,4  X  10= 

2.120 

1 

27 

1.3  X  10= 

2,400 

10 

28 

1.2  X  10* 

48,800 

37 

29 

<2  0  I  10' 

120 

25 

30 

1,1  X  10* 

27,000 

7 

31 

2.4  X  10= 

1,120 

23 

32 

<2.0  X  10' 

240 

30 

33 

5  4  X  10= 

240 

29 

34 

3,3  X  10= 

3,680 

14 

35 

3.5  X  10= 

4.560 

5 

36 

6.5  X  10= 

18,120 

8 

37 

2.6  X  10= 

14,480 

38 

<2.0  X  10' 

560 

65 

39 

2.9  X  10= 

960 

31 

40 

6.2  X  10= 

84,120 

17 
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F.  Cmclusions 


Primar>'  screening  to  assay  unicnown  c-ortipounds  for  r^ji-HIV  activitv  in  tissue  culture  is  well 
controlled  and  standardized  tc  provide  optimum  reproducibility.  We  have  screened  about  4500 
compounds  during  this  contrac>  period  utilizing  Sfr-2  and'or  CEM  cell  lines. 

Approximately  '■-8  percent  of  the  test  compourKls  have  demonstrated  some  aaivity  as  inhibitors 
of  KIV-1,  A  total  of  214  compounds  were  found  active  in  two  or  more  tests  in  the  primary  in  vmo 
screen  (.see  Appendix  CV  As  illustiated  in  (Table  5),  116  compounds  (7.5%)  produced  good  anti-HrV 
aaivity  with  selectivity  Indices  of  ^  10.  Further  evaluation  of  these  compounds  would  certainly  provide 
significant  leads  in  the  development  of  anti-HIV  drugs. 

Several  compounds  received  further  studies  during  the  period  of  performance  of  this  contraa, 
AVS  7891  and  AVS  8520.  derivatives  were  shown  to  have  signifcant  activity  in  cell  culture 

against  HIV-1,  but  not  HIV-2,  confirming  and  expanding  the  wori  of  Pauwels  a  al.,  (1990).  In 
addition,  a  series  of  compounds  designated  AM  242.  AM  612,  and  AM  669  have  received  anention  due 
to  their  high  level  act.vity  against  HIV-1  ttoth  sets  of  ctimpounds  have  been  thie  subject  of  poster 
presentations  and  tlie  TIBO  dau  has  been  publi'heJ  in  Antiviral  Research. 

Of  the  compour^ls  tested  in  the  synthetic  homopolymer  template  assay,  orJy  AVS  5025  is  a 
candidate  for  inhibition  of  HfV-1  replication  via  inhibition  of  reverse  transcriptase.  Any  other  antiviral 
compoutid  would  have  to  be  metabalued  to  be  a  candidate  for  this  mechanism  of  action.  This  conclusion 
may  be  limited  by  the  artifcial  nature  of  the  assay.  Several  compoui'vis  were  found  to  be  aaive  against 
HIV-1  reverse  transcriptase  when  the  ribosomal  RNA  was  used  as  the  template.  Five  compounds  are 
itiore  active  than  AZT-TP  (ID50  of  0.18  in  tnis  a.»s3y.  S"ramin,  a  non-douxynucleoude  reverse 

transcriptase  mliibitor.  has  an  IDjq  of  17  >i.g/ml.  Six  additional  compounds  would  fall  m  the  activity 
range  between  AZT-TP  and  suranun.  Nine  of  these  eleven  compounds  showed  anuviraJ  activity  in  the 
cell  cultuie  assays  One  of  the  inaaives,  AVS  9465,  was  toxic  to  me  cells  at  all  concentrations  Lcsted, 
Since  we  switched  to  the  ribosomal  RNA  template  m  the  last  year  of  the  projea  there  have  been  a  higher 
percentage  of  revenv  transcriptase  inhibitors  as  well  as  a  better  correlation  between  reverse  transcriptase 
inhibition  and  antivirai  aaivity  ui  ceil  cuiture.  This  could  be  a  remit  of  the  new  tempiate  or  a  change 
in  the  r-pe  of  compounds  being  submitted  for  testing. 

The  reverse  transcriptases  from  AMV,  Moloney  MuLV,  and  Rauscher  MuLV  can  not  substitute 
for  the  enzyme  for  HIV-1,  at  least  when  synthetic  ^otnopolyroer  cemplatet  tit  uscv  in  the  assays  Dau 
published  by  ourselves  and  others  on  deoxynudeoude  analogs  rupports  this  conclusion. 

Recently,  a  novel  ser'cs  of  non-nudooside  compounds,  derivatives  of  tctrahydro-miidazo[4.5,  1- 
jkl  [!,4]-bcnzodiazepiii-2(lHK’ne  and  thione  (TIBO).  have  been  ibown  to  have  potent  and  selective 
aaivity  against  human  immunodeficiency  virus  type  1  (HIV-l)  m  cell  culture  (Pauwels  tt  al.,  (1990) 
We  have  found  two  of  these  analogs  to  be  potent  inhibitors  of  HI\'  1  reverse  transaiptase,  when 
ribesomAi  RNA  is  used  as  the  tet-iplate  for  the  assay.  Detailed  character izat ion  jf  the  kinetic  dau 
iPidiuaies  that  this  class  of  compounds  ouy  aa  at  a  unique,  previously  unknown,  sue  on  the  enzyme 

Two  in  VIVO  murine  models  of  retioviraJ  disease  have  been  esubllihcd  and  charaaerized.  The 
RMuLV  model  serves  well  u  1  rapid  primary  saeen,  with  die  BM-5  model  at  a  secondary  screen  for 
agents,  cmecially  BRW,  active  against  RMuLV  in  vtvo.  A  number  of  igenii,  including  the  established 
antiviral  agenu  AZT  and  Ribavirin,  have  shown  aaivity  in  these  model  sytiemt.  MVE-2  consistently 
demonstrated  prophylactic,  but  ikh  therapeutic,  aaivity  Thus,  the  potential  uiilhy  of  MVE-2  ui  treating 
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HIV  infection  in  psuitnts  seems  limited.  Poly  fI,C|-LC  showed  consisient  intiviriJ  urtivity,  especully 
when  given  therapeutically.  lu  antiviral  activity  seems  to  depend  on  its  ability  to  augment  splenic  N’K 
laivity.  Finally,  protease  inhibitors  provided  consistently  strong  antiviral  activity  in  virro,  and  they  offer 
a  new  therapeutic  target  for  antiviral  action. 

The  SIV  research  program  was  concemul  with  the  development  of  a  functional  modeling  system 
in  which  a  100%  lethality  occurred  in  infemed  macaques.  Initially,  rhesus  macaques  were  used  for  this 
project  After  successive  in  \i\o  passage  of  SIVphj  in  rhesus  monieys.  only  a  75%  lethality  could  be 
achieved.  This  fo'ced  us  to  examine  other  potential  macaque  species  for  their  usefulness.  We  currently 
use  cynotT^ilgus  macaques  for  all  SIVphj  drug  screening  proioxils.  These  inonlceys  were  found  to 
unifoimly  respond  to  SIVphj  challenge.  Five  protease  inhibitors  (supplied  by  Smith  Kline  Beecham)  were 
tested  for  their  ability  to  inhibit  SFVpbj  syncytial  cell  formatioQ  and  p27  produaion  in  the  AA-2  cell  line 
The  protease  inhibitors  were  designed  to  aa  against  the  HIV-1  protease,  and  these  studies  were  performed 
U)  determine  their  effect  on  SIV.  The  results  shown  in  Table  28  indicate  that  two  of  the  five  compounds 
were  active  against  SIV  in  vitro.  Compounds  A  and  5  were  able  to  inhibit  up  to  2  logs  of  virus. 
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11/22/88 

AVl-1117 

CPf 

HiV 

.... 

XT-2 

> 

IX. X 

.... 

11/22/88 

AVt-1?07 

CPf 

IIV 

.... 

XT-2 

* 

IX. K 

.... 

4/10/88 

AVI- 1307 

CPf 

HIV 

.  •  •  • 

XT-2 

> 

IX. K 

.... 

5/31/88 

AVI-1308 

CPI 

HIV 

.... 

XT-2 

p 

1X.K 

.... 

4/  1/88 

avi-1312 

CM 

IIV 

.... 

p 

1X.X 

.... 

5/31/88 

Ayi-1315 

CPf 

HIV 

.... 

»a-2 

> 

IX  X 

...a 

5/31/M 

Avi-in7 

CPf 

IIV 

0.35 

XT-2 

24. M 

43.40 

5,/31/W 

AVI- 1371 

CPf 

HIV 

.... 

> 

1X.K 

.... 

11/2.88 

AVS-1372 

CPf 

HIV 

•  a  -  . 

pr  .• 

51.40 

...a 

11/22/88 

Avs-i3ai 

CPf 

RIV 

.... 

iRT-2 

39.x 

...a 

12/  9/88 

AVI-13V2 

CM 

HIV 

XT-2 

> 

IX. K 

...a 

5/31/BB 

Avi-i4a3 

CM 

HIV 

3 

95 

< 

Q.10 

AfHe 

10. K 

» 

IX  X 

1/11/88 

AVI- 1403 

CM 

HIV 

3 

as 

< 

OMO 

ATHA 

10.x 

» 

IX. X 

1/11/88 

AVI-1403 

CM 

HIV 

4 

50 

< 

0.  iq 

ATM 

32.x 

> 

52C.X 

VIVK 

AVI- 1403 

CPf 

KIV 

3 

75 

< 

0.1G 

ATM 

to.x 

> 

IX, X 

l/ivw 

AVI- 1403 

CM 

IIV 

4 

AS 

< 

0.10 

ATKt 

32.x 

> 

320.x 

1/11/M 

0 


0  4 


Of  A.DS  rciTiMC 

rot  nuioi  Of  ui/5£  to  i2/3i/fia 


OM^OLWO 

^OTOCOL 

VlftUS 

VI 

lOSO 

CELL 

mcjo 

TI 

CATE 

AV3' 1603 

CPi 

HIV 

1.25 

ATHa 

3.20 

1/21/88 

Av^  16C3 

cn 

HIV 

41.85 

< 

0.10 

ATH5 

32.00 

»  320.00 

1/27/88 

AV^- 16C3 

cn 

HIV 

i.i5 

< 

0.10 

ai’hO 

32.00 

>  S2C.OO 

1/30/88 

A«-16a3 

OPl 

HIV 

3-90 

< 

C.10 

ATae 

10. » 

>  1M.OO 

2/  3/88 

AV5-16Q3 

CFf 

HIV 

3.25 

< 

0.10 

A7h8 

10. oc 

>  100.00 

2/  3/88 

tVI-1603 

HIV 

1.M 

0.32 

AThA 

3.20 

10. X 

2/  4/88 

AVt'1603 

cn 

HIV 

7.05 

< 

0.10 

AThA 

100.00 

>10CC.X 

2/10/88 

*Vt-1603 

cn 

HIV 

A. 00 

< 

0.10 

aThA 

32.00 

>  320.x 

7715/88 

AVIM603 

m 

HIV 

3.10 

< 

0.10 

ATHA 

10.00 

>  100.00 

2717/88 

*Vt-1603 

CH 

HIV 

4. *5 

4 

0.10 

ATHA 

3.20 

>  12.x 

1/18/88 

«Vt-t*03 

cn 

HIV 

5.55 

< 

0.10 

atka 

10.00 

A  IX. X 

3/23/88 

AVI- 1*03 

cn 

■  IV 

4 

0.10 

m-2 

*2.50 

>  625.x 

3/29/88 

AVI- 1*03 

cn 

RIV 

.... 

4 

0.10 

ir-2 

a. 90 

>  AA9.00 

3/29/88 

AV«-16Q3 

cn 

■  IV 

.... 

4 

0.1C 

lfT-2 

1*.40 

>  564.00 

4/  1/88 

Avt-i*a3 

cn 

■  IV 

.... 

4 

0.10 

•r-i 

54.00 

A  540.x 

4/  A/"A 

AVI- 1603 

cn 

RIV 

.... 

4 

0.10 

"T-2 

54.60 

>  546.00 

4,  ./B8 

«vl- 1*C3 

CPI 

■  IV 

.... 

4 

0. 1C 

■'-2 

56.00 

>  560.00 

4/  d/A5 

AVI- 160! 

cn 

HIV 

< 

0.10 

«r-2 

66.90 

>  669.x 

4/15/88 

AVt- 1603 

cn 

HtV 

.... 

4 

0.1C 

N1-2 

66.50 

»  668.x 

4/’5/8a 

AVI- <60] 

cn 

RIV 

4 

0.10 

■T-2 

> 

100.00 

»'000.X 

4/ 16/88 

AVJ- 1605 

cn 

HIV 

4 

0.10 

"1-2 

» 

100.00 

>1000. X 

4/16/88 

AVt-16a3 

cn 

■  IV 

4 

0.10 

X1-2 

100.00 

>1X0. X 

4/29.'Ba 

AVS-16Q3 

cn 

HIV 

4 

0.10 

MI-2 

> 

100.00 

AlOOO.X 

5/  3/88 

AVI-  1603 

cn 

HtV 

4 

0.10 

MT-2 

*1.60 

>  916.x 

5/  9/88 

AV3-16C3 

C*l 

HIV 

0.1* 

Mt-2 

> 

i«.oo 

>  521.x 

5/18/88 

AVJ-1605 

c« 

■  tv 

0.91 

MT-2 

> 

10.00 

A  642.x 

5/23/88 

AVt-16C5 

cn 

■  IV 

4 

3.10 

MI-2 

> 

100.00 

>1X0. X 

5/24/aA 

AV^-1603 

cn 

■  IV 

2. 25 

Mr-2 

» 

100.00 

>  U.5C 

5/31/88 

AV5'1603 

cn 

■  tv 

4 

0.10 

■T-2 

> 

100.00 

>1X0. X 

5/31/58 

Avt-'603 

cn 

1IV 

0. 18 

MT-2 

> 

100, M 

>  556.x 

6/  1/88 

AVJ-16C3 

rn 

IIV 

0.64 

Mr-2 

> 

100,00 

A  226.x 

6/  1/88 

AVJ-1603 

CM 

■  IV 

0.12 

MT-2 

> 

100.00 

A  30*. X 

6/  5/88 

AVI- 1*05 

cn 

IIV 

0.»7 

■t-2 

» 

100.00 

>  lU.X 

*/  8/88 

AV1-1A03 

^ . 

IIV 

0.13 

MT-2 

*4.50 

5’5.X 

6/10/88 

AVI16C3 

cn 

IIV 

1.07 

»T*2 

7*. 30 

71.x 

*/10/B8 

AVI-1A03 

cn 

■  IV 

4 

0.10 

MT-2 

» 

100.00 

AiOX.X 

6/16/88 

AV3-16a3 

cn 

■  IV 

4 

0.10 

MT-2 

100.00 

AlOX.X 

6/U/88 

AV1-16C3 

cn 

■  IV 

0.15 

MT-2 

100.00 

A  656.x 

6/17/88 

AVI- 1603 

cn 

■  IV 

« 

0.10 

MT-2 

100.00 

>10X.X 

6/21/88 

AVI- 1603 

cn 

■  IV 

4 

0.10 

MT-2 

•0.50 

»  805.x 

6/22/SS 

AVt-1603 

cn 

■  IV 

4 

0.10 

■T-2 

7t.*0 

»  T69.X 

6/22/03 

AVI- 1*03 

m 

■  IV 

4 

0.10 

MT-2 

100.00 

►  lOOC.X 

6/23/88 

AVI-1603 

cn 

■  IV 

4 

0.10 

M>-2 

100.00 

J'OOC.X 

6/23/88 

AVI- 1*03 

cn 

■  IV 

4 

0.10 

"T-2 

IX.OO 

>100C.X 

6/2A/W 

AVI -1*03 

cn 

■  IV 

0.10 

"T-2 

**.40 

>  654. X 

6/29/88 

AVI -1603 

cn 

■  IV 

4 

0. 10 

MT  2 

*3.90 

«  *39. X 

6/29/88 

AVI- 1*03 

cn 

IIV 

4 

0.01 

Ml  2 

» 

10.00 

»10X.X 

7/ '5/88 

AVI- 1603 

cn 

IIV 

.... 

4 

0.01 

■T-2 

» 

10.00 

>:  000.00 

7/’5/S8 

AVI- 1603 

cn 

HJV 

.... 

4 

0.01 

■T-2 

» 

'0.00 

»100C,X 

7/20/88 

AVI- 1603 

cn 

■  JV 

.... 

4 

O.Ql 

■T-2 

> 

10.00 

>10X.X 

7/20/Aa 

•OOTHC»N  MCftCAllCH  INftTiTuTt 


93 


SumUT  Of  AID!  TESTIHC 
«»  K«IQD  Of  1/1/Sa  TO  12/31/88 


CrMKUNO 

MWTOCOL 

VI»U5 

Vt 

1053 

CEi: 

NTCiO 

’I 

XTl 

AVS-1603 

QP^ 

HIV 

< 

3.01 

NT -2 

> 

10.00 

>10X.X 

7/26/M 

/rt-16C3 

CPE 

WIV 

< 

3.01 

«T-2 

10.30 

■1OOC.0O 

7/26/M 

AVS- 1&03 

ZPl 

HIV 

4 

0.01 

HI -2 

> 

1C. 00 

»lOOC.OO 

V  9/M 

iirt-i6a3 

ZPt 

NIV 

4 

0.01 

NT-2 

10.00 

>10CO.X 

8/iom 

AVS-160S 

rpf 

MIV 

4 

0.01 

HT2 

» 

10.00 

>1000. X 

1/12/M 

A/1-1603 

:n 

viv 

4 

0.01 

ir-2 

> 

10.00 

>1000. X 

t/16m 

AVl-1603 

ot 

HIV 

4 

0.01 

NT-2 

> 

10.00 

>1000.K 

t/56y'M 

AVI- 1603 

c« 

RIV 

4 

0.01 

NT-2 

> 

1C. 00 

>1000. X 

t/WU 

Ayt-1603 

« 

HIV 

4 

0.01 

in-2 

> 

10.00 

>1X0. X 

t/nm 

AVI- 1603 

on 

HIV 

4 

0.01 

NT-2 

10.00 

>10X.X 

1/31/88 

AVI- 1603 

on 

IIV 

4 

0.01 

KT'2 

p 

10.00 

>1000. X 

9/  7m 

AVl-1603 

on 

HIV 

4 

0.01 

NT-2 

» 

10.00 

>1000. X 

9/  $m 

AVI- 1603 

on 

»IV 

4 

0.01 

NT-2 

» 

10.00 

>10X.X 

9/36/88 

6/1-1603 

on 

HIV 

4 

0.01 

NT-2 

p 

10.00 

>10X.X 

f/am 

AVl-’6a3 

on 

HIV 

4 

0.01 

Hr*2 

p 

10.00 

>1000.00 

*/22m 

AVI -1603 

HJV 

4 

0.01 

NT -2 

p 

10.00 

>1000.00 

9/C/M 

awS-1603 

CPE 

HlY 

4 

0.01 

n;-2 

> 

•c.» 

>1000.00 

9/29/M 

Avl-'6C3 

CPE 

HIV 

4 

C.01 

NT -2 

» 

10.00 

>100). X 

10/  5/U 

AVI- i6C3 

CPf 

HIV 

4 

0.01 

•^•2 

10.00 

>1003. X 

10/  i/M 

AVS-1603 

CPE 

HIV 

4 

0.01 

NT -2 

10.00 

‘1000.x 

10/  6/M 

AVI- 1603 

CPf 

HIV 

4 

0.03 

NT -2 

» 

1C. 00 

>  316.x 

11/  1/M 

AVI -1603 

ZPt 

HIV 

4 

0.03 

NT  2 

2.07 

>  65.W 

11/  1/M 

6/1-1603 

zn 

h:v 

4 

0.03 

NT -2 

p 

10.00 

>  316.x 

11/  tm 

AVI- 1603 

O'* 

N]V 

4 

0.03 

NT-2 

p 

10.00 

>  316.x 

11/17/M 

AV1-16C3 

CPE 

HIV 

.... 

NT-2 

10.00 

.... 

11 /19/M 

AVI- 1603 

on 

HIV 

4 

0.03 

NT-2 

p 

10.00 

>  316.x 

11/Z2/M 

6/1-1603 

on 

HIV 

4 

0.03 

NT-2 

> 

10.00 

>  316.x 

u/nm 

AVI- 1603 

on 

HIV 

4 

0.03 

p 

le.oc 

>  316.x 

ii/3n/M 

AVl-1603 

on 

HIV 

4 

0.03 

N'-2 

10. 00 

>  316.x 

11/30/M 

AV1-10C3 

on 

HIV 

4 

0.03 

NT -2 

6 

’0.00 

>  316.x 

12/  T/M 

AVI- '603 

on 

HIV 

0.03 

H7-2 

» 

10. M 

>  308.x 

12/  7/W 

AVI- 1603 

on 

HIV 

4 

0.33 

NT-2 

» 

10.00 

>  3'6.X 

12/  9/88 

AVI- 1603 

CPf 

HIV 

0.10 

NT-2 

10.00 

>  92.x 

12/28/88 

AVl-'603 

C7€ 

«IV 

0.17 

NT-2 

» 

10.00 

>  M.X 

12/28/88 

AV1-16AS 

on 

HIV 

51.60 

NT  2 

p 

IX. 00 

>  1.96 

5/31 /M 

AVl-'TOA 

CPE 

HIV 

.... 

NT-2 

7.06 

5/31/88 

AVI- 1TVA 

CPE 

HIV 

.... 

ATbl 

IX. X 

.... 

1/27/M 

AVI-  1T5* 

CPE 

alv 

.... 

NT-2 

» 

IX, X 

.... 

n/19/88 

AVI -1760 

on 

MU 

6C.S0 

NT-2 

> 

IX. X 

>  1.4A 

11/T9/M 

AVI- 1760 

on 

HIV 

.... 

■T-2 

p 

1X.X 

.... 

11/22/88 

AV1-176A 

on 

HlV 

NT -2 

p 

1X.X 

.... 

i/am 

AVI- 1766 

on 

•  IV 

.... 

NT-2 

p 

IX. X 

.... 

11/  f/M 

AVl-1766 

CPt 

HIV 

.... 

NT-: 

20.60 

.... 

11/19/18 

AVI- 177! 

CPE 

HU 

.... 

WT-2 

66.60 

.... 

11/19/88 

Avi-irrr 

on 

HIV 

.... 

NT -2 

< 

0.32 

.... 

11/19/81 

AV1-17I2 

on 

HIV 

.... 

NT -2 

< 

0.32 

.... 

11/19/88 

AV1-17B6 

on 

HU 

NT  2 

< 

0.32 

.... 

11/  9/88 

AVI-  1760 

CPf 

HIV 

0.35 

.... 

160. X 

.... 

2/  3/88 

c*t 

HU 

.... 

NT -2 

> 

IX. X 

.... 

6/16/18 

kVt‘  ^T9C 

CPE 

HU 

.... 

an 

> 

1W.X 

.... 

6/26/M 
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SimAtY  Of  AlCrS  TCSTIHC 
rot  HIIOD  Of  1/1/aa  TO  12y31/M 


CDraJNO 

pforncx 

VlKUt 

lOSO 

XU 

81  CM 

T1 

0*TI 

*VS-1?90 

CPt 

MtV 

•<T-2 

> 

1X.Q0 

5/23/88 

*VS- 179C 

cs>t 

KIV 

0.20 

in-2 

21 .40 

103 

00 

4/ 22/M 

CPt 

KtV 

>»1-2 

< 

0.32 

- 

-♦ 

11/  9/M 

»V*- I7V2 

C*€ 

RtV 

.... 

in-2 

c 

0.32 

- 

11/  9/M 

Ayi-iW 

C»€ 

UIV 

.... 

81-2 

< 

0.32 

. 

11/  7/M 

Art-177! 

C7€ 

uiw 

81-2 

53.00 

t 

*6 

11/  9/M 

Art-177! 

zn 

Htv 

.... 

81-2 

S.1* 

• 

•  • 

11/22/H 

Art- 1777 

at 

RIV 

.... 

81-2 

< 

0.32 

* 

-- 

11/  9/M 

Art-HOI 

at 

RiV 

S4.20 

81-2 

> 

100. K 

> 

1 

C 

s/ians 

Art-iiOl 

cw 

HR 

22.60 

81-2 

10O.W 

4 

42 

7/1i/S* 

Art-1K1 

C7t 

RIV 

81-2 

> 

100.00 

> 

2 

54 

8/ 16/M 

Art-1811 

at 

RtR 

.... 

<1-? 

> 

100.00 

- 

-- 

12/  9/M 

Art- 1827 

at 

HIV 

.... 

81-2 

> 

100.00 

- 

5/ 18/18 

AW- 1827 

at 

RIV 

.... 

81-2 

21. K 

* 

7/15/M 

Art- laj! 

at 

HIV 

.... 

81-2 

> 

100.00 

- 

•  - 

5/  9/M 

Art-iaj! 

at 

HIV 

81-2 

> 

IM.OO 

> 

2 

C3 

7/IS/M 

Art-I&AI 

at 

Htv 

26. SO 

81-2 

> 

100.00 

3 

&0 

5/3 1/M 

Art- 18A3 

Cft 

MlV 

0.10 

81-2 

> 

100.00 

> 

2 

32 

5/31/M 

Art- 1»*.3 

at 

H»V 

.... 

81-2 

> 

100.00 

- 

•  • 

10/  5/M 

Art-  ISM 

at 

HIV 

25.50 

81-2 

> 

100.00 

> 

3 

S/31/M 

Art- 18!0 

at 

HIV 

31.60 

81-2 

> 

100.00 

> 

3 

16 

5/  3/M 

Art- ISSO 

at 

HIV 

Z3.ao 

81-2 

> 

100.00 

> 

4 

20 

5/3 1/M 

Art-1897 

at 

RIV 

81-2 

> 

100.00 

5/3 1/M 

Art- 1900 

at 

RIV 

81-2 

> 

100.00 

5/31/M 

Art- 1701 

at 

HIV 

81-2 

> 

IK. 00 

5/1 1/M 

Art- 1902 

at 

RIV 

81-2 

> 

1K.K 

5/3 1/M 

Art- 1968 

at 

RIV 

.,o. 

81-2 

2.10 

10/  5/M 

Art- 1770 

at 

RIV 

81-2 

21.40 

10/  5/M 

Art- 177« 

at 

HIV 

81-2 

$}.K 

?/14/M 

Art-2U5 

at 

HIV 

A1M8 

> 

1K.K 

2/ 17/M 

Art-21A5 

at 

HIV 

81-2 

> 

•K.K 

4/14/M 

Art-21A! 

at 

HIV 

Cf8 

1K.K 

4/26/M 

Art-2'4} 

at 

fltV 

81-2 

1K.K 

S/23/M 

Art-21M 

at 

RIV 

ATkS 

> 

1M.K 

1/2T/M 

Art-2l4* 

at 

RIV 

81-2 

> 

1W.K 

4/'../B8 

Art-214* 

at 

CIV 

CZ8 

0.22 

4/26/H 

4*3-214* 

at 

HIV 

81-2 

> 

1K.K 

5/23/S5 

Art -22  74 

at 

HIV 

8T-2 

M.W 

4/14/M 

Art- 2274 

at 

HIV 

0Z8 

41.10 

4/26/M 

Art-22  74 

cn 

HIV 

.... 

81-2 

*1 .70 

5/24/M 

Art -227. 

at 

■  IV 

81-2 

}*.}0 

7/20/M 

Art-22  78 

at 

HIV 

1.1  2 

70.40 

4/14/H 

Art-22T 

Of 

■  tv 

X8 

41.70 

4/26/n 

Avt-2271i 

at 

HIV 

81-2 

1K.K 

5/24/ffl 

An-2280 

at 

rciv 

260.00 

SIC 

> 

320. K 

1 

13 

4/10/M 

Art-2281 

at 

HIV 

81-2 

» 

1M.K 

5/24/H 

Art-2255 

SI 

»V2 

10. 20 

7*J1 

> 

320. Oo 

> 

31 

00 

6/  9/M 

Art-22S« 

at 

■  IV 

..  .. 

81-2 

65.20 

5/24/M 

An-2271 

C7€ 

mv 

2.1ft 

9.ro 

SIC 

IK.K 

rt 

20 

4/10/M 

Art  2297 

Crt 

RIV 

.... 

.... 

81  2 

1K.S0 

5/:4/M 
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•OuThCMM  MIBIAIICH  IMSTiTU 


SLMMT  or  AIOI  TEtTlM 
H*  AfllQD  or  VI/M  TO  12/31/88 


cattojim  AtoTocat  vitus  «  idm  cell  ircso  ti  wn 


AV5-22W 

CM 

xiv 

• . . » 

«... 

AVS-2301 

CM 

MIV 

.... 

.... 

tvs-2311 

CM 

MIV 

.  .  .  - 

.... 

AVJ-2317 

CM 

HIV 

AVS-252S 

CM 

ItV 

.... 

.... 

AV1-Z3A8 

CM 

HIV 

.... 

AVI -2340 

CM 

HIV 

.... 

AV1-23A4 

tl 

ttV2 

«... 

520. ao 
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6/  t/M 

AM-3«17 

CH 

HIV 

irT*2 

95.1c 

«... 

6/  5yd6 

AVJ-S9H 

CH 

HIV 

MT-2 

b9.90 

.... 

6/  S/S 

AW-S9H 

CM 

MIV 

•  ••• 

irT-2 

21.x 

.... 

6/  8/8 

AVI-S«» 

CM 

HIV 

•  ••• 

MT-2 

26.x 

4/  a/s 

AK1-3OT1 

CM 

HIV 

IT-2 

> 

IX. X 

•  .  *  » 

6/  S/S 

AV1-3TO 

at 

■  IV 

•  ••• 

MT-2 

> 

IX. X 

.... 

6/  8/S 

AV1-39ZS 

CM 

■  IV 

in2 

> 

IX. X 

.... 

4/  8/S 

AVI-392A 

CM 

HIV 

•  ••• 

IT-2 

> 

IX. K 

•  •  •  • 

6/  a^s 

AVI-3021 

CM 

IIV 

<<T-2 

< 

0.32 

.  •  •  . 

11/  9/s 

AVI- 3920 

CM 

MIV 

•  ••• 

IT-2 

4 

0.32 

.... 

11/  9/S 

AVI- 3930 

CM 

HIV 

IT-2 

4 

0.32 

.  •  •  • 

11/  9/S 

AVI-3931 

CM 

IIV 

IT-2 

IX. K 

a  .  •  . 

11/17/S 

AVI-3932 

CM 

IIV 

IT-2 

> 

IX. X 

.... 

11/1 7/M 

AVI-3933 

CM 

IIV 

A. AO 

IT2 

61.20 

9.36 

7/26/S 

AVI-393* 

CM 

IIV 

•  ••• 

■f-2 

» 

IX. X 

.... 

10/  6/M 

AVI- 5937 

CM 

HIV 

•  ••• 

IT-2 

> 

IX. X 

.... 

7/26/8 

Avt-593t 

CM 

aiv 

•  ... 

IT-2 

> 

1K.K 

..a. 

7/26/S 

AVI-5939 

CM 

IIV 

O.AS 

■T-2 

*i.« 

1U.X 

7/26/8 

AVI-3f3» 

CM 

HIV 

3.A4 

IT-2 

30.40 

10. K 

1/12/M 

AVI-39M 

CM 

■tv 

■T-2 

> 

1K.K 

.... 

7/26/8 

AVI-59A1 

CM 

HIV 

.... 

■T-2 

* 

IX. X 

...a 

7/26m 

AVI-3942 

Of 

IIV 

■T-2 

> 

IX. X 

.... 

7/26/M 

*vt-5«*3 

CM 

HIV 

.... 

IT-2 

> 

1K.X 

.... 

7/26/M 

AVI-39AA 

CM 

■  IV 

.... 

MT-2 

> 

IX. X 

.... 

7/26/8 

AVI-5M3 

CM 

■  IV 

•  ••• 

IT-2 

23. K 

.... 

7/26 /M 

Avi-59a 

CM 

IIV 

.... 

IT-2 

IX. X 

.... 

7/26/S 

AVI-3947 

CM 

IIV 

IT-2 

IX. X 

.... 

7/26/8 

AVI-396^ 

CM 

HIV 

.... 

»fT-2 

» 

IX. X 

7/26/M 

AVI-30t3 

CM 

HIV 

IT-2 

•■x.x 

.... 

7/26/M 

lvi-39** 

at 

■  IV 

0.31 

IT-: 

I.X 

23.40 

5/31/S 

AVI-39M 

at 

HIV 

irr'2 

7.01 

.... 

7/26/M 

*VI-39«0 

at 

■  IV 

.... 

■T-2 

’7.90 

- - 

12/  9/S 

A¥I-59*1 

at 

IIV 

.... 

■T-2 

IX. X 

.... 

12/  9/M 

AVI-39S 

CM 

■  IV 

.... 

■T-2 

100. oc 

.... 

12/  9/S 

av|-39<3 

CM 

■  IV 

.... 

■T-2 

1K.X 

.  -  , 

12/  9/M 

» 


» 


» 


»  • 


» 


» 
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Bjpwur  Of  nrritfc 

rot  mioo  Of  1/1/»  TO 


AVS-19S1 

m 

AVl-39tt5 

CPf 

AV1-19M 

cn 

AVI-SM7 

CH 

AVI-IfU 

cn 

AVI'IW 

CH 

AVl-IMO 

Cft 

AM>)9n 

cn 

AVI-1992 

CTf 

AVl-1991 

CA* 

AVt-l««A 

Cft 

fcVi-l«9S 

cn 

AVl-3996 

c»e 

AVI  1997 

CJ>t 

Avt-1998 

C3*t 

AVI-1V99 

C*t 

AVI-AOOO 

CP€ 

AVS-4001 

CPt 

AVt-Atm 

CAC 

AVt-AOOl 

cn 

avi-aooa 

cn 

AVt-AOO! 

cn 

AVt-A006 

cn 

AV»-*<C1 

cn 

AVI-AC22 

CAt 

AVI-A023 

cn 

AVI-AC2A 

cn 

AVI-4025 

cn 

AVI-AOar 

c»« 

AVI -4028 

c« 

AV«-4CB9 

cn 

AVI -4030 

cn 

AVI-40J1 

CAf 

AVI-AOS 

c« 

4“I-»flJ3 

cn 

AVI-403A 

CPA 

AVl-4aj5 

cn 

AVI-4039 

cn 

A'^-4aj7 

cn 

AVI-40M 

cn 

AVl-iO}* 

:n 

AVI -4044' 

cn 

AW’AOAI 

cn 

AVt-4042 

CAf 

AVI -4042 

cn 

AVI -4043 

cn 

AVI-04A 

cn 

AVI-4045 

CPf 

AVt-404A 

cn 

AVI-4047 

cn 

- - -y^ 

4 

» 


SJWMY  OY  lIDt  TEttllS 
rot  Of  1/1/58  TO  1Z/J1/M 


3MJO 

«M3TXa 

VlfUS 

Vf 

IDSO 

C£Ll 

xTcsa 

TI 

OATf 

*vj-«4a 

ot 

HIV 

KT-2 

6/14/58 

AV5-OU5 

ZPt 

MiV 

.... 

.... 

irr-2 

< 

o.u 

.... 

11/30/88 

cn 

HIV 

.... 

ir-a 

< 

0.12 

.... 

12/28/58 

Ay<'4U9 

CPt 

HIV 

.... 

«T-2 

i.M 

.... 

4/1V5a 

Avt-wrso 

CPt 

RIV 

. 

.... 

lfT-2 

4.75 

.... 

4/14/Sa 

cn 

MIV 

.  -  »  - 

irt-2 

4.17 

.... 

4/14/88 

AVt-AOU 

CH 

KtV 

.... 

ICT-i 

Z2.00 

.... 

4/14/88 

AVI-Am 

Cft 

uiv 

.... 

HT-2 

> 

100.00 

.... 

4/14/88 

AVI-A050 

CPt 

HIV 

7t.« 

IIT-2 

100.00 

1.40 

4/10/BS 

Ayt-4051 

Of 

HIV 

.... 

70.90 

3IT'2 

> 

100. w  > 

1.41 

viom 

AVt-A052 

Of 

HIV 

.... 

in-2 

> 

100.00 

12/  9/88 

AM-A063 

Of 

HIV 

.... 

.... 

m-i 

1A.90 

4/10/88 

AVt-Odi 

Of 

HlV 

.... 

.... 

ir-2 

> 

100.00 

4/10/88 

AVI '4065 

Of 

HiV 

.... 

.... 

KT-2 

< 

0.10 

4/10/88 

AVt-AOA! 

a>t 

mv 

.... 

.... 

trz 

< 

0.52 

12/28/88 

AW'%066 

HIV 

.... 

.... 

llT-2 

> 

100.00 

Vi  0/88 

AVI -4067 

c^z 

HIV 

.... 

.... 

lfT-2 

» 

100. w 

V10/S8 

AVt'406B 

cn 

■  Iv 

.... 

.... 

irr-2 

24.70 

4/10/88 

AV1*4069 

CH 

HlV 

.... 

.... 

XT-2 

0.22 

6/10/88 

Avi-Mre 

CH 

HlV 

.... 

.... 

XT-2 

< 

0.10 

6/10/88 

AVI -AO TO 

CH 

MIV 

.... 

.... 

XT-2 

4 

0.X2 

12/28/88 

Avt-Aon 

CH 

HIV 

.... 

.... 

xr-2 

» 

100.00 

vio/sa 

Av»-Aorj 

Of 

■  IV 

.... 

•  ••. 

XT-2 

100.00 

V1V88 

AVt-AOTA 

CH 

■  IV 

.... 

.... 

ATH5 

0.12 

3/18/88 

AV»-A07A 

CH 

IIV 

0.15 

.... 

ATM* 

0.10 

3/23/Sf 

AV5-A07A 

CH 

HIV 

.... 

... 

XT-2 

€ 

0.12 

11/  9/88 

AV*-A07? 

Of 

HIV 

.... 

.... 

XT -2 

4 

C.12 

11/  9/88 

AV$-A074 

CH 

■  IV 

.... 

.... 

XT-2 

44.40 

V16/88 

AVf-Afl77 

Of 

HIV 

.... 

.... 

XT-2 

> 

100.00 

V1VB8 

AV»-A07? 

Of 

HIV 

.... 

.... 

XT-2 

> 

100.00 

6/16/88 

AV»'A07» 

Of 

IIV 

.... 

.... 

XT-2 

♦9.50 

V1V88 

AV«-A«eO 

Of 

■  IV 

.... 

...» 

XT-2 

> 

1K.K 

vivaa 

Avt-Aoeo 

Of 

•  IV 

.... 

.... 

XT-2 

> 

100.00 

Vi  7/88 

Avi-Aoei 

IIV 

.... 

.... 

XT-2 

> 

100.00 

V 16/88 

AVS'40K2 

Of 

IIV 

.... 

.... 

XT-2 

> 

100.00 

10/  6m 

AVl-AOH 

c« 

IIV 

.... 

.... 

XT-2 

> 

100.00 

Vivas 

AVI-4054 

CH 

HIV 

.... 

.... 

XT2 

4 

0.10 

vi6m 

AVI-4054 

CH 

HIV 

.... 

.... 

XT-2 

3,90 

12/28/88 

AV5-AOS5 

CH 

IIV 

.... 

.... 

XT-2 

t8.ac 

V1VS8 

AVf-40a6 

CH 

IIV 

.... 

.... 

XT-2 

49. ao 

vivas 

AV|-A{ie7 

CH 

IIV 

.... 

.... 

XT-2 

73.10 

vivas 

Avi-Aooa 

CH 

■  IV 

.... 

.... 

XT-2 

7,22 

671670 

AVI '4069 

Of 

IIV 

.... 

.... 

XT2 

9.31 

V 16/88 

AV3'4090 

CH 

■  IV 

.... 

XT.2 

77.70 

vi6.a 

AVI  *4091 

CH 

■  IV 

.... 

m-2 

> 

100.x 

V16/88 

AVJ-A092 

CH 

■  IV 

.... 

.... 

XT2 

> 

100.00 

V1V88 

AVI'4093 

CH 

HIV 

.... 

.... 

XT2 

7.74 

6/17/88 

AyS'4094 

CH 

HlV 

.... 

.... 

XT-2 

44.20 

vivas 

AVJ-A095 

CH 

HIV 

.... 

.... 

X1-2 

> 

IX. 00 

6/16/88 

Avl-AOM 

CH 

■  IV 

.... 

in-2 

2.52 

V16/88 

» 


» 
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Sumar  Of  AIDt  TtITIIlC 
PtIlOO  Of  1/VM  70  12/3VM 


rMKXMC 

WOTXOL 

vrtus 

vt 

1050 

CtlL 

KTCSO 

1 

MTt 

A^-^IOO 

cn 

HIV 

HT*2 

2.55 

i/iT/m 

A^-4101 

C7t 

HIV 

0.34 

I1T-2 

a. 90 

IVO.X 

tj22,m 

m-«)U 

CPt 

MIV 

<  0.10 

iTT-a 

21.10 

» 

211.x 

tmm 

/ivt-4ta3 

»« 

IIV 

*fT-2 

» 

lOC.OC 

t:xrm 

An*41M 

CPt 

01V 

•  >  >4. 

»rt-2 

> 

100.00 

kmr% 

I>V1-4105 

cn 

HIV 

fr-2 

> 

100.00 

u\2m 

•vs-4ioe 

CPt 

HIV 

•  ••« 

rT-2 

> 

100.00 

6/ir/» 

m-iio? 

CPt 

IIV 

ffT'2 

> 

100.00 

6/17/*i 

tVi-4nO 

cn 

KTV 

irT-2 

92.20 

6/247M 

AV*-4’,11 

cn 

■tv 

.... 

•CT-2 

> 

100.00 

-  «  •  « 

tntm 

Art-AUJ 

CPt 

HIV 

«  •  •  •• 

rfT-2 

> 

100. K 

6/2*7M 

Av»-*nj 

CPt 

HIV 

•  “  " 

ir-2 

0.24 

tram 

A«-41U 

C’t 

HIV 

•  .  -  • 

>rr-2 

> 

IOC. 00 

6/24/>S 

AVI-1115 

CPt 

H'V 

•  •  •  - 

ifr-2 

> 

106.00 

6/24 /a 

AVl-4116 

CPt 

HW 

. «  •  > 

MT-2 

10C.0O 

6/24/« 

AVl-4117 

CPf 

HIV 

•  «  •  - 

>rr-2 

> 

100.00 

7/26/BS 

A^-wllB 

cn 

HIV 

3.97 

kl-2 

> 

itr.oo 

> 

a. 20 

7/26/M 

A^-A1ia 

cn 

NIV 

•  #  -  • 

WT-2 

> 

100.00 

t/1Z.-H 

AVS-41ie 

cn 

HIV 

•  •  •  • 

•rT-2 

> 

10U.00 

10/  5/M 

AVS-4n9 

CPt 

HIV 

•  •  •  • 

•4T-2 

> 

ICO. 00 

7/26/M 

AV1-A1M 

CPt 

HIV 

»n-2 

> 

100.00 

r/26/M 

AVJ-A12t 

CP€ 

HIV 

-mm. 

<n-2 

> 

10Q.OO 

yrtun 

AVI-A122 

CPt 

HIV 

irr-2 

> 

100.00 

ynpm 

AVI-A1Z3 

CPt 

HIV 

»fT-2 

> 

IOC. 00 

7/26,'* 

Avt-A12A 

CH 

HIV 

.. 

«rr-2 

46,60 

r/Ttm 

Avi-Aia 

m 

NtV 

rr-2 

» 

100.90 

7/26yrM 

AVS-Aia 

CPt 

■  IV 

•  ••• 

rr-2 

103.00 

y/iun 

AV1-A127 

CPt 

HIV 

«  •  »  • 

97-2 

> 

lOO.X 

ytbum 

AVt-4l2a 

CPt 

HtV 

•  •  »  • 

»rr-2 

> 

100.00 

yfum 

.V1-41J9 

CPf 

HIV 

•  ••• 

»r.2 

» 

100. X 

r/26/K 

AV1'4130 

CPt 

HIV 

4.. 

¥T  2 

> 

ir«.ao 

r/2k/M 

AV9‘4131 

CPt 

HIV 

•  ••  • 

pn’*2 

> 

10C.» 

y/Ttm 

AVf-411? 

CPt 

HIV 

•n*2 

0.64 

6/1 7/M 

AVt-4in 

CPt 

riv 

<  0.10 

in-2 

> 

IX. X 

»10X.X 

t/22m 

AV1-41S3 

CPt 

HIV 

•n-c 

V 

10.x 

.... 

y/zim 

AVJ-4'JA 

cn 

HIV 

<  0.10 

in-2 

> 

IX. X 

>10X.X 

6/22/M 

AVS-A1J4 

cn 

HIV 

.  .  *  - 

in-2 

> 

IX. K 

.... 

a/16/M 

Ays-  ,134 

cn 

HIV 

>r-2 

* 

1K.K 

.... 

10/  5/M 

Ays-413S 

CPt 

HIV 

23.50 

>r-2 

> 

IX  X 

> 

t.S 

7,'26i/a 

AVt-41!3 

cn 

RIV 

ifT-2 

P 

IX. X 

.... 

6/ 16/M 

AVS-41SS 

CPt 

HIV 

P'2 

P 

IX. X 

10/  5/M 

AVS-413* 

CPt 

HIV 

tr-2 

P 

IX. X 

.... 

7/26/M 

iV*l-4T37 

cn 

HIV 

Kr-2 

P 

100.x 

.... 

7/26/M 

Ays-415« 

cpe 

HIV 

72.90 

jr-2 

P 

IX. X 

> 

1.37 

1/  9/M 

Ay!-415« 

CPt 

HfV 

6.60 

•rr-2 

P 

10.00 

> 

1.50 

tiyam 

Ays-4139 

cn 

HIV 

.54.70 

irT-2 

P 

IX. X 

p 

i.a3 

*/  9/M 

AVS-41J9 

'CPf 

NIV 

72.70 

WT-2 

IX. X 

p 

1.x 

9/22/M 

AVS>4140 

cn 

NIV 

11.53 

»rT-2 

59.x 

4.96 

S/  9/M 

AVS-4140 

CPf 

MIV 

.... 

>n-2 

P 

KO.X 

.... 

9/22/M 

AVS‘4U1 

CPt 

HIV 

.... 

<r-2 

P 

IX. X 

.... 

1/  9/M 

li8 


9 


<S 


9 


» 


» 


•  4 


» 


» 


» 


4 


or  ;k:oi  ntrikc 

rttioo  W  1/1/88  TO  12/31/88 


ctMPauMo 

PAOToca. 

vims 

vr 

1050 

OLL 

NT  CSC 

T1 

CUTf 

0€ 

HW 

22.80 

ltT-2 

100.00 

> 

4.38 

6/17/88 

AV1-4U2 

C« 

HIV 

.... 

18.30 

lfT-2 

> 

130.00 

> 

5.46 

8/12/88 

AVJ-4143 

a>t 

HtV 

.... 

.... 

»n-2 

100. BC 

6/ 17/M 

AV^-41U 

CPf 

HIV 

.... 

.... 

ffT-2 

> 

100.30 

6/17/M 

AVS-AU5 

HIV 

.... 

.... 

irT-2 

> 

100. K 

6/ 17/M 

Ay,‘S-4i;^ 

Cft 

HtV 

■ .  ■ « 

.... 

lfT-2 

6.12 

6/ 17/M 

AVt-AUT 

CPf 

H'.V 

.... 

.... 

«T-2 

26.20 

6/ 17/88 

AVt-A148 

CK 

HIV 

---- 

15.90 

lfT-2 

82.78 

5.21 

6/ 17/M 

AVI-AU9 

w. 

^IV 

.... 

.... 

l*T-2 

> 

100  00 

8/  9/M 

AVt-A)50 

cn 

HtV 

.... 

- - 

KT-2 

> 

100. OC 

6/29/H 

AVt*4151 

c« 

HIV 

.... 

.... 

»IT-2 

» 

100.00 

6/29/H 

AVt-4132 

CPt 

HtV 

.... 

.... 

«r-2 

0.71 

6/29/88 

AVI-A153 

cn 

H!V 

.... 

.... 

•rT-2 

> 

ICiO.OO 

6/29/88 

c^t 

HIV 

.... 

.... 

(0-2 

58.00 

6y^/ffl 

AVS-AlSS 

C»f 

NiV 

.... 

.... 

(0-2 

1.15 

6/29/88 

AVf-AIM 

c>t 

HIV 

.... 

1.30 

XT-2 

> 

130.00 

> 

12.x 

8/  ■'/M 

AV*-A1S7 

CPf 

HIV 

.... 

t.Sfl 

(0-2 

22. IT 

2.6S 

8/  9/M 

AVt-A157 

CK 

HtV 

ffT-2 

25.90 

9/22/M 

AVI-AlSi 

c« 

M  tV 

---- 

(0  2 

7.01 

8/  9/M 

AVS-A15<; 

0>f 

H|V 

13.3C 

(0-2 

> 

100.00 

> 

7.51 

5/  9/M 

AVJ-A140 

cn 

HIV 

... 

lfT-2 

> 

100.0.' 

8/  9/ra 

AVf '416- 

CPf 

HIV 

.... 

(0-2 

> 

lOC.M 

8/  9/M 

AV1-A162 

c« 

HIV 

.... 

>0-2 

> 

lOC.ttt 

8/  9/M 

AVS-A162 

CPf 

NIV 

.... 

(0-2 

26.00 

8/  9/M 

AVS-A^6A 

rpt 

HIV 

.... 

(0-2 

> 

100.x 

8/  e/M 

A/t-*16S 

cot 

AIV 

•  •  •« 

10-2 

2a.w 

8/  7/M 

AVt'A168 

c« 

HIV 

.... 

(0-2 

> 

IX. X 

8/  9/M 

AV*-A147 

CPt 

HIV 

.... 

(0-2 

0.64 

1/  9/M 

AVt-AlM 

CPt 

AlV 

.... 

(0-2 

> 

IX. X 

8/  9/M 

AVT1-41M 

cn 

HIV 

.... 

(0-2 

> 

IX. X 

1/  9/M 

AV8-4170 

cn 

HtV 

.... 

6.90 

(0-2 

» 

IX. X 

14,20 

4/  1/M 

iVl*4170 

CPt 

HIV 

.... 

BT-2 

> 

IX.X 

4/16/M 

AV»-41/t 

CPt 

NtV 

.... 

(0-2 

» 

IX. K 

6/22/H 

Avt-4in 

CPt 

HIV 

.... 

(0-2 

> 

1K.K 

8/  9/M 

AVl-4172 

CPt 

NIV 

.... 

3.29 

(0-2 

> 

IX.X 

> 

345. K 

8/  9/M 

AV1-417J 

CPt 

HIV 

.... 

(0-2 

64. n 

6/ 17/M 

4yj-4174 

CPt 

»IV 

.... 

(0-2 

> 

IX.X 

4/17/M 

AVt-4178 

crt 

HIV 

.... 
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0.00  < 
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DIFRNTL  =  DIFF  is  ihe  abbreviiiion  for  the  differential.  The  differential  is  Lhe 

difference  in  the  ceil  control  and  the  virus  control  optical  densities.  A 
difTcreoUal  value  of  >0.5  ii  required  for  the  assay  to  be  considered  saiisfaaory. 


TCoj  >  The  minimura  drug  coocentraiion  0i|/inl)  that  reduced  cell  viability  by  25%.  ) 

ICy)  *  The  nurntmun  drug  coacentration  (;ig/ml)  that  inhibited  the  CPE  by  50%,  calculated  by 

using  a  regression  analysis  progratn  for  semilog  cui^e  fitting. 


SI  =»  Selectivity  Index,  calculated  by  dividing  the  TC25  by  the  IDj^. 

TAJ  ™  Total  .Antiviral  Index  =  the  area  between  the  cytotoxicity  and  the  ar.tivirc.1  curses. 
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APPENDIX  B 


Cumulilive  Summary  of  All  Compounds  That 
Demonstrated  Activity  (SI  >0)  in  HIV  Primary  Screen 
January  1,  1989  -  April  30,  1991 
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Li^t  of  Confirmed  Actives  Agiinst  HIV  from  the  Priir.iry  Screun  § 

(Includes  Testing  Done  in  1987,  1988,  1989.  1990  ind  1991) 
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Utt  of  CoinpouiKli  thfat  Dcmonttrkted  Ceaflrmcd  Adsivily 
la  tte  PHiaan  Serna  A4alait  HTV 


AVS 

AVS 

AVS 

AVS 

AVS 

No. 

009* 

2657'* 

5186 

6200 

69*7 

oa)6'* 

2705'* 

3360 

6201 

non 

0591 

reo 

5691 

6202 

7208 

0702 

2921 

5733 

6203 

72*i 

0703 

2922 

5767 

6207 

7295 

0709 

2935 

3571 

6201 

7701 

0999'’* 

2996- 

5372 

6209 

7708 

1«03 

33*5 

5r4 

6210 

77*1 

16*4 

3374 

5r5 

6211 

7787 

1790 

3392 

5r6 

6212 

7539 

1795 

3*36 

5580 

6214 

7588 

ISOl 

3*43 

5852 

6215 

7590 

1M6 

3439 

5884 

6216 

7591 

1&30 

3*91 

5855 

6217 

7930 

2285'’* 

3*96 

5887 

6218 

79*7 

^32 

3513* 

5956 

6219 

795* 

lUO* 

3392 

5996 

6220 

^960 

1153'* 

3519 

6174 

6221 

7961 

nss'* 

3939* 

6173 

6222 

7962 

2365 

4032 

6176 

6223 

7963 

2393'* 

4035 

6180 

6224 

7973 

;L397' 

4036 

6183 

6225 

797* 

24*5'’ ■* 

4075 

6184 

6227 

7975 

24*8'’* 

4138 

6185 

6230 

7976 

2572 

4139 

6186 

6289 

nn 

2373 

4142 

6187 

6293 

7980 

257*'’* 

4357 

6188 

6295 

7983 

2575 

4397 

6191 

6446 

79tn 

2576* 

*4*6 

6192 

6510 

7989 

2381 

<393 

6193 

6511 

80*1 

2352 

4611 

6194 

6512 

8137 

2553' 

4730 

6195 

6777 

81*1 

2559 

4923 

6196 

69*2 

5201 

2600 

5024 

6197 

69*3 

8209 

2629'* 

5023 

6198 

69*5 

8225 

2639 

5121 

6199 

69*6 

523* 

S«coa(lu7  tastini  done  on  FAIDS  virus. 

Secdviary  utuag  done  on  SAIDS  vims. 

Secondary  done  on  Rauscher  -  Munne  Leutietnia  Virus  (KMuLV). 


